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ABSTRACT
Everidge, Anthony W. M.S., Department of Economics, 
Wright State University, 1991. Automation of the 
Directorate of Research and Development Contracting 
at Wright-Patterson Air Force Base.
This thesis examines the automation of the 
Directorate of Research and Development Contracting 
at Wright-Patterson Air Force Base. Background 
information on the Directorate is given along with 
the previous methods of producing contractual 
documents. The central problem of the thesis is to 
determine if the benefits of automating the 
Directorate outweigh the costs. A cost benefit 
analysis was used to make this determination. Each 
cost and each benefit is discussed in great detail 
along with the methodology used to measure each 
particular cost and benefit. The results of 
the study showed that the net present value of all 
benefits was greater than the net present value of 
all costs, thus, automation should be implemented. 
The potential implications discussed include a 
redefining of the clerical job description and the 
possible elimination of clerical and contracting 
jobs due to the increased efficiency provided by the 
automat io n.
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SECTION I. INTRODUCTION
The purpose of this project is to determine 
whether or not the Directorate of Research and 
Development Contracting should automate. The 
Directorate has been ordered by Air Force Systems 
Command to: (1) Decrease the time it takes to award
contracts and contract modifications, and (2) To operate 
in a cost efficient manner.^ The Directorate is 
looking at automation as a potential solution to both of 
these problems. The term "automation" in this analysis 
refers to procuring computers to be placed at the desk 
of every individual within the Directorate. The term 
also refers to the conversion of the current operating 
methods of the Directorate to the use of computers, as 
well as to the training required to enable the employees 
to use these computers to efficiently perform their 
j o bs.
U F S C / P K  letter dated 21 FEB 90.
fcThe term "efficiently" as used here, means 
that the employee is capable of using the computer to 
produce contractual documents and letters.
Automation will allow contract negotiators and 
contracting officers, within the Directorate, to produce 
contractual documents, memorandums and letters without 
having to go through the normal cycle of writing the 
documents by hand and then submitting the handwritten 
version of each to a clerk for typing. It is believed 
that the time saved by this methodology would allow 
contracts and modifications to be awarded more quickly.
The methodology used to determine whether or not 
the Directorate should automate will be a cost benefit 
analysis. The benefits derived from automating will 
be converted to dollar values, as will the costs it 
takes to automate. A Net Present Value (NPV) will be 
derived for each benefit and cost over a ten year period 
starting in 1991 and ending in the year 2000. The NPVs 
of all benefits will be totalled, as will the NPVs of 
all costs. If the sum of the NPV for benefits exceeds 
the sum of the NPV for costs, then the Directorate 
should automate. However, if the NPV of the costs 
exceeds that of the benefits then automation should not 
be implemented.
The thesis will begin by providing an in depth 
look at the Directorate of R&D Contracting. Job
^As defined in Peter G. Sassone and William A. 
Schaffer Cost Benefit Analysis: A Handbook (New York: 
Academic Press, 1978)
descriptions and the type of work performed will all be 
discussed. The next section will discuss why the 
Directorate is considering automating, the type of 
automation that will take place, how it will take place, 
and the implementation plan for automating. Then the 
thesis will present the theoretical model of the thesis 
which will identify each benefit and cost that should 
occur as a result of automating. Following that, the 
thesis will present the empirical model of the thesis. 
Each cost and benefit to be measured will be explained 
in detail. In addition, the thesis will provide and 
analysis of the results, while finally, a summary of the 
analysis along with potential implications for the 
Directorate will be provided.
This section of the thesis will discuss the 
Directorate of Research and Development Contracting 
(hereafter referred to as "PKR" -- the actual symbol 
used by the Government to identify the Directorate) at 
Wr ight-Patterson Air Force Base Ohio. The following 
facets of the organization will be discussed: 1) A brief
description of the physical makeup of the organization 
including the location, position in the Air Force and 
the organization mission, 2) A description of the 
laboratories served and the type of programs involved in 
the research, 3) A description of the type of job 
positions and personnel experience levels, and 4) A 
brief assessment of the work load carried by PKR.
PKR is located in Area B of Wright-Patterson A F B , 
OH and is broken down under the following organizational 
chart. The Air Force is divided up into several major 
commands each of which has a part to play in providing 
an Air Force ready to meet the defense needs of this 
country. PKR is under Air Force Systems Command (AFSC) 
which is the command responsible for the development and
production of Air Force weapon s y s t e m s /  Major 
commands are further divided into Divisions or Research 
Laboratories which have a more specific task. PKR is 
under Wright Laboratories (WL) which will be discussed 
in more detail below. The mission of PKR is as follows:
"Provides direction, assistance, and 
surveillance relative to procuring, administering 
and managing contracts for research and 
development, support services, and specialized 
equipment for Air Force Systems Command 
laboratories at Wright-Patterson AFB and the 
Human Systems Division. Administers contracts 
for which authority is retained by the 
Directorate.
R&D involves new work aimed at advancing the 
state-of-the-art from its current status to the 
laboratory goals of tomorrow. The end products 
are paper reports, completed studies, and, at 
times, prototype models. The Directorate of R&D
^AFSC headquarters is located at Andrews Air 
Force Base in Maryland.
Contracting processes over 4,500 contract actions 
per year with a face value of new contracts in 
excess of $ 1 Billion."®
As mentioned previously, PKR serves the Wright 
Laboratories. WL is broken down into four main 
laboratories which are directly served by different 
divisions of PKR.
The Avionics Laboratory is the main organization 
which is tasked with the planning and executing of 
exploratory development for aerospace vehicle avionics. 
The primary areas of research include: 1) navigation, 2)
surveillance, 3) reconnaissance, 4) electromagnetic 
warfare, 5)weapon delivery and system architecture. Many 
of the developments which have been under the research 
from this laboratory have had commercial benefits for 
the air craft industry, particularly in the area of 
navigat io n.®
The Aero Propulsion Laboratory is tasked with 
developing air breathing systems and power technology 
for future aircraft programs. This lab deals with the
®Small Business Office, Directorate of R&D 
Contracting, ASD AFSC, Research & Development 
Contracting. 1988. 1
6 I b i d .
new turbine engine concepts which will play a major role 
in the future of the Air Force.7
The Flight Dynamics Laboratory is tasked with 
carrying out the technology integration responsibility 
for WL and is the lead Air Force lab for experimental 
flight vehicle technologies and demonstration efforts. 
The laboratory has a wide spectrum of research efforts 
ranging from the advanced brake control system to the 
X-29 Advanced Technology Demonstrator and the Short 
Take-off and Landing (STOL) and Maneuver program.®
The Materials Laboratory is responsible for the 
development of materials and manufacturing technology 
required for the gamut of space, as well as strategic, 
tactical, aeronautical and electronic, systems. This 
laboratory pursues efforts in metallic, non-metal 1i c ,
Q
and electromagnetic materials.
PKR also supports the Human Systems Division (HSD) 
which is responsible for developing programs 
that provide biomedical support for aerospace systems. 
HSD is also responsible for advancing aerospace 
biotechnology. The USAF Occupational and Environmental
7 Ibid.
8 1 b i d . 
8 Ibid.
Health Laboratory is also under the direction of HSD and 
is therefore supported by PKR.*®
PKR has approximately 200 employees broken down as 
follows; 21 are Division or Branch Chiefs, 107 Contract 
Negotiators and Contracting Officers, 52 Procurement 
Clericals, 13 Staff employees, 5 Price Analysts, and one 
Director and one Deputy Director of Contracting. The 
analysis of this paper will deal only with the 
automation of the actual buying offices which include 
the Contract Negotiators, Contracting Officers, Price 
Analysts and the clerical personnel in those offices. 
Therefore, actual job descriptions will be limited to 
those p e op le. * *
Contract Ne go tiators, also called "buyers", have a 
very important job in the acquisitions process. The 
grades for these individuals range from a GS-05 to 
GS-12. Negotiators are responsible for acquisitions 
from inception to contract award. From the beginning of 
each acquisition, starting with a purchase request being 
forwarded to PKR from the laboratory (WL), the 
Negotiator is responsible for reviewing the purchase 
request to insure that adequate information is contained 
to purchase the research requirement. Key elements of
101b i d .
**PKR Organizational Chart, PKRO 1990.
the purchase request which must be reviewed are the 
Statement of Work (which actually tasks the contractor 
to perform research), the Data Requirements (which 
describe what type of reports will be received from the 
research, a Monthly status report, Final Report, etc.) 
and the type of funding and availability of funds 
involved in the purchase.
In addition, the Negotiator is responsible for
determining the type of contract to be used and the type
of acquisition process to be used (for ex ample, Full and
Open Competition, Sole Source or Small Business Set
Aside). The Negotiator is also responsible for
soliciting sources to perform the work necessary to meet
the requirements by issuing Request For Proposals to 
potential offerors. Proposals are submitted by 
interested contractors who hope to be awarded a contract 
to perform the required work.
Once proposals are received, the Contract 
Negotiator must analyze the proposals and conduct 
negotiations with the offerors. After negotiations, the 
Negotiator must present a source selection presentation 
to the Source Selection Official, outlining the 
technical merits and weaknesses, along with the prices 
of each offeror. Once the Source Selection Decision is 
made, the Negotiator must generate a contractual 
document and supporting file to award the contract. In
addition, the Contract Negotiator is tasked with 
monitoring previously awarded contracts and negotiating 
any changes that may be necessary during the life of the 
contract (including providing incremental funding to the 
contractors).
The Contracting Officer (CO) is the individual who 
actually has the authority to bind the Government
i p
contractually. This person starts out his or her 
career as a Contract Negotiator and then, after reaching 
a grade of GS-12, and if he/she is determined to be 
proficient in his/her work, the person may become a 
Contracting Officer. In order to do this, the 
individual must pass an oral test given by a board 
consisting of higher level contracting p e r s o n n e l . ^
Once selected, the Contracting Officer serves as the 
reviewer and approval level for each step in the 
acquisition process.
The CO is responsible for reviewing the work of 
the Contract Negotiator and providing comments or 
approval to proceed. Moreover, the CO is the person who 
will ultimately sign the contractual document. In PKR,
1 ?lcFederal Acquisition Regulation (Washington
D.C. U.S. Government Printing Office. 1990) Part 2.101
i o
AJThis board is made up of heads of contracting 
organizations within ASD. The board convenes for the 
purpose of appointing contracting officers by an oral 
examinat i o n .
the CO has total authority up to $2,000,000. However, 
as the dollar levels for various actions rise, manual 
approval is required from the Division Chief level on up 
commensurate with the actual dollar value of the 
contract. The Contracting Officer is still required to 
sign the contractual document however, since they are 
the only people who can legally bind the Government to a 
contract.
The Clerical personnel in PKR range in grade from 
GS-04 to GS-06 and hold, basically, secretarial 
positions. In PKR, these employees are called 
procurement clerks. The Procurement Clerks are required 
to type contractual documents, memorandums for the file, 
and general correspondence to contractors. Their main 
role is to provide clerical support to Contract 
Negotiators and Contracting Officers in an effort to get 
contracts awarded in a timely manner.
As mentioned in the PKR Mission, PKR awards 
approximately One Billion Dollars in contracts each 
y e a r . ^  In the past five years, the organization has 
awarded approximately 9,215 total contracting actions 
totalling an estimated $ 5,614,700,000. The 9,215 
actions divided among the 107 Negotiators/CO’s result in
^ S m a l l  Business Office, Directorate of R&D 
Contracting, ASD AFSC, Research & Development 
Contracting. 1988. 1
a ratio of 86 actions per Negotiator/CO over this time 
period*®. The Negotiators and C O ’s are combined for 
these calculation purposes because many C O ’s have their 
own contracts in which they also serve as the buyer 
(i.e., the CO serves the role of the negotiator on these 
actions as well as assuming the usual CO role). Thus, 
one can see from looking at these numbers 
that although PKR is only one Air Force contracting 
organization, it is still a very large operation in 
terms of the total total number of contractual actions 
and the total amount of dollars contracted.
*®Data derived from the Procurement Management 
Information System (PMS), A computer tracking system for 
contracts and modifications. 1990.
This section of the thesis deals with the how and 
the why of the automation process. The "why" deals with 
the reasons for the automating and the results the 
organization hopes to achieve from such a project, while 
the "how" will deal with the types of computers and 
equipment to be used, the implementation plan and 
required training.
1. WHY AUTOMATE ? PKR has recently been looking at the 
acquisition time cycle and trying to develop ways 
to lower the overall time. The acquisition cycle 
includes the total amount of days from receipt of 
purchase request to the day the contract is officially 
awarded. The average time in PKR has been roughly 180
1 fi
days for new contract awards. ° Air Force Systems 
Command and WL have recently determined that the 
acquisition time must be cut down to around 160
*®Data derived from P M S , 1990.
days.*7 The main tool in reaching this goal is to 
automate the contracting process as much as possible.
By utilizing computers for as much of the contracting 
process as possible, it is believed that substantial 
time can be saved in the acquisition process. Starting 
in early fiscal year 1990 (FY-90), the Directorate began 
buying a few Zenith 248 (Z-248) personal computers and 
Alps printers to experiment the possibilities of
1 Q
automating the contracting system. °
Before any of the Zenith 248 computers were 
bought, each branch was allotted three computers; a 
Zenith 100 (Z-100) and two CPT Phoenix Juniors. The 
Z-100 was used for the Contract Writer Program and the 
Phoenix Jrs. were used for word processing and 
finalizing contractual documents. Thus, documents and 
letters were produced in the following manner: 
contractual documents were produced by the Negotiator or 
Contracting Officer answering a series of questions on 
the Z-100 "Contract Writer Program". After all of the 
questions were answered (ie. type of contract, amount, 
applicable clauses, etc.), a highlight sheet would be 
printed out which listed the major terms of the
17AFSC/PK letter dated 21 FEB 90.
1 Q
This equipment was purchased with some excess 
equipment funds from the 1990 PKR operating budget. No 
formal automation plans had been made; this was to be an 
exper iment.
contract. The highlight sheet was then given to a clerk 
who would transfer the file from the Z-100 to the 
Phoenix Jr. in order to produce the contractual 
document. The Phoenix Jr. contained a data base of 
possible clauses and contractual forms. The negotiator 
answered questions would be combined with the applicable 
data base (applicability was determined by the type of 
contract to be awarded i.e., Fixed Price, Cost 
Reimbursement, etc.). From this "mixture" a contractual 
document would be produced. The contractual document 
was then reviewed by the Negotiator and Contracting 
Officer and returned to the clerk for corrections.
Letters and other file documentation or memorandums 
were hand written by the Negotiator/CO and then 
submitted to a clerk to be typed. The clerk would type 
the document and then return it to the Negotiator/CO for 
review. Any changes were marked up by the reviewer and 
then resubmitted for corrections.
However, by automating and having the Contract 
Negotiators and Contracting Officers create their own 
documents and letters on the computers the first time, 
it is believed that substantial time could be saved. No 
longer would various handwritten drafts be written and 
rewritten. Moreover, this would eliminate the clerks
having to type the documents and then make corrections, 
since the Negotiator/CO could make the corrections 
themselves on the computer.
As mentioned above, the Directorate began buying a 
few Z-248 computers early in FY-90 to experiment with 
the automation process. By incorporating the Contract 
Writer Program along with Enable*® and a hard drive 
system, the experiments proved to be very promising.
This study will seek to determine if it would be 
beneficial to fully automate the Directorate. The 
"Contract Writer Program" is the name given to the 
process mentioned earlier, only now the Z-248 is used 
instead of the Z-100 (more will be mentioned on this 
program shortly). Enable is a commercially available 
software package which combines word processing, 
spreadsheet, and database applications. The experiment 
involved allowing only a few Negotiators and Contracting 
Officers the use of a Z-248 at their desks to generate 
contractual documents, letters and Records of 
Contracting Actions (R O C A ’s). Although no quantitative 
analysis or measurement was used to evaluate time saved 
with the experiment, it was obvious that the work er s 
were able to perform their duties much more
*®ENABLE - Version 2.15, The Software Group, 
Ballston Lake, New York 1987.
efficiently. w For example, many Negotiators were 
amazed at how much time they were able to save by being 
able to make their own document corrections.
2. EQUIPMENT TO BE USED - The equipment to be
purchased for the automation process will include Zenith 
248 computers and ALPS P2000 printers. The Z-248 
computers are made by Zenith Data Systems and consist of 
a dual floppy drive system with a 20 Megabyte hard 
drive. The computers operate with an Alps P2000 printer 
which are allocated so that two computers are hooked to 
every printer.
The computers are MS-Dos compatible and use the 
following programs: 1) The Contract Writer Program,
which will enable each Negotiator to write a contract at 
their own desk rather than use the old Z-100. This 
program also has a Weighted Guidelines program which is 
used by Negotiators to determine the applicable fee or 
profit rates for contracts. 2) Enable, which is a very
good program that combines word processing, spreadsheet
and data base management capabilities, and 3) Harvard
2 1Graphics 4, which is used to generate briefing charts 
and other graphic displays.
2®Per interviews with PKRRB personnel June 1990.
21HARVARD GRAPHICS - Version 2.0, The Software
Publishing Corporation, Mountain View, CA 1988.
The computer hardware, which consists of the CPU 
and the color monitor, is available for approximately 
$ 1,960.00. The Alps printers are can be purchased for 
approximately $ 628 each. The Contract Writer Program 
is available at no cost since it was generated in-house. 
However, Enable costs approximately $ 100 per copy and 
Harvard Graphics costs approximately $ 260 per copy.
The total cost for a complete unit (Hardware and 
Software, excluding the printer) is approximately 
$ 2,320.22
3. THE IMPLEMENTATION PROCESS
PKR has set up an implementation plan to automate 
the Directorate. This implementation plan consists of 
three main steps: Procurement, Installation, and
Training. The procurement process is to begin in 
January of 1991 and to end by MAR 15, 1991. Thus, by 
March 15, 1991 all of the computers and equipment will
be in place and operational. The procurement will take 
place under an existing General Services Administration 
contract with Zenith Data Systems, although the funds 
will have to come from the PKR operating budget.
Installation will be accomplished as soon as the 
computers are received, since the actual set up and 
programming are fairly simple. The installation, as
tfcPrice is based on General Services 
Administration Contract # G00058-89-C-0025
well as the overall management of the implementation 
process, will be handled by PKR-2, the Directorate 
Automation Division. J
Training will be accomplished by a variety of 
sources: on the job training, in-house computer courses 
set up by PKR-2, and formal computer courses taught by 
the Air Force Institute of Technology (AFIT). The 
training will be very heavy at first but will taper off 
over time as the existing work force becomes more 
familiar with the computer. Moreover, new employees 
coming into PKR, will most likely have some computer 
experience, and will therefore require less training. 
(The training will be explained in more detail in the 
following section).
The following is a detailed break out of estimated 
times and phases of the process:
PHASE START DATE COMPLETION DATE
Equip. Purchase JAN 30, 91 MAR 08, 91
Installation MAR 15, 91 Early APR 91
Training APR 91 **
** Will diminish over time, but never reach zero.
4. TRAINING
fc,JThis newly formed division is in charge of the 
Contract Writer Program (CWP). PKR-2 division members 
are responsible for keeping the data bases for the CWP 
up to date.
Training is the most important part of the 
implementation process. Since the main goal of 
automating is to decrease the acquisition time cycle, it 
is imperative that the PKR personnel be trained to use 
the equipment effectively if we expect to improve job 
efficiency. As mentioned above, the main source of the 
training will be within PKR in the form of formal 
in-house training courses or in the form of on-the-job 
training between assigned trainers and employees. PKR 
has a formal in-house training program already in place 
which covers a variety of contractual policy topics.
Thus, this forum could be used to set up some basic 
computer courses, as well as some particular software 
demonstration courses.
However, the most beneficial training would be 
on-the-job training. The individual could be trained 
by his or her assigned trainer while actually working on 
a specific contract or proposal. In addition, any 
in-house courses could be taught by GS-12 individuals 
(who are experienced on the computer) at approximately 2 
hours per course. The on-the-job training should happen 
much more frequently and involve a variety of personnel.
The other form of training advocated is that of 
regular curricular computer courses taught by the Air 
Force Institute of Technology. These courses generally 
would last several days and provide the student an in
depth look at a particular program such as Enable or 
Harvard Graphics. These courses will only be used in 
1991 however, due to the general nature of the subject 
matter taught in these courses. They are very basic and 
would offer little value to someone who has been working 
on a computer for some time. The actual cost estimates, 
duration, and quantities of the training will be 
discussed in detail in the following sections of this 
thes i s .
This section of the thesis will present the 
theoretical model that would provide a thorough 
measurement of this Cost-Benefit analysis if all of the 
costs and benefits were measurable. This section will 
not go into a great deal of depth on how the individual 
costs or benefits will be measured, as this will be 
saved for the following section which will deal with the 
empirical model. This section will begin by discussing 
the benefits of the automation process and then follow 
with a discussion of the costs.
The purpose of automating the Directorate is to 
enable the Directorate to award contractual documents 
quicker. Automation will enable this to happen by 
saving clerical time normally spent typing what a 
Negotiator or Contracting Officer has first handwritten. 
Thus, the main benefit from automating is clerical time 
sa ve d.
As discussed in Section III, a great deal of the 
clerks time is spent typing what a Negotiator has 
written by hand. By having a computer, the Negotiator 
could type documents, memorandums, and letters on the 
machine, thereby eliminating the need for a clerk to
retype his handwritten copy. This is expected to be a 
major benefit of automating, since the clerks could be 
doing other tasks instead of typing documents. The hours 
of clerical time saved could be converted to dollars by 
multiplying the hours saved by the clerks wage rate.
This theory would also apply to the corrections of 
contractual documents, since the Negotiator or 
Contracting Officer could make changes easily at their 
desk once the document had been reviewed by the 
approving official. Under the current PKR operating 
system, any required corrections must be resubmitted to 
clerks to make the actual changes.
Another important benefit of automation is the 
material dollars that could be saved by getting 
contracts awarded quicker. Most of the contracts in PKR 
have a great deal of materials purchased under them. 
These materials are mostly developmental type of 
materials that have potential applications to aircraft 
or aerospace systems. These materials are not readily 
available on the common market and generally have only 
one, or at most a couple of suppliers for each type of 
material. The price per pound of this material tends to 
escalate at a very high rate because it is in the 
developmental stage and because of the small number of 
suppliers. Therefore, whenever a contract is awarded the 
contractor is generally given direction to purchase all
of the required material up front in order to avoid the 
ever increasing prices. Thus, by automating and getting 
contracts awarded quicker, a great deal of money could 
be saved since the material would be procured even 
sooner than it is currently being purchased. All of the 
new or additional effort contractual actions come down 
to PKR at approximately the same time. Therefore, if 
the current policy is kept (having the contractor make 
material purchases up front) a great deal of money could 
be saved. At first glance, it appears from an economic 
standpoint that it may be wise to prolong the material 
purchases until they are required under the particular 
contract. This money could be earning interest in an 
alternative investment while waiting to make the 
purchases. The escalation or inflation rate of this 
materials is so large however, that it would greatly 
offset any interest earned in an alternative investment. 
This will be shown in the Empirical Model section of the 
thesis.
A third benefit arising from the automation 
process, is the amount of office supplies that could be 
saved by using computers instead of drafting up 
documents by hand. By having the Negotiators, 
Contracting Officers, and clerks use computers, a great 
deal of paper, pens, pencils, and other common office 
items could be saved. The Negotiators and Contracting
Officers currently have to draft documents on common 
writing or notebook paper and then submit it to a clerk 
for typing. If these documents could be produced on a 
word processing system, it could mean a great deal of 
paper, pencils and other office supplies would be saved. 
Other supplies to be saved would include: copy machine 
paper (since additional copies could be printed, instead 
of reproduced), typewriter paper, ink pads (for stamping 
signature blocks on letters), and white-out or 
correction fluid which is used to cover up mistakes made 
while typing or writing. While all of the above 
supplies are expected to decrease, the use of computer 
paper would increase significantly.
A fourth benefit that cannot be measured are the 
advances in technology that could come about sooner by 
awarding the contracts quicker. PKR is a research and 
development organization and, thus, the primary goal for 
the contracts awarded in PKR is the improvement or 
advancement of the state-of-the-art for certain
O A
materials or systems. By allowing the contracts to
have a start date earlier than under the current 
procurement cycle, the scientist and engineers at the 
various contractor plants could begin working sooner and
^ T h e  programs in PKR seek to develop new 
materials or electronic systems that can be utilized in 
current Defense systems as well as planned future 
systems.
possibly make a discovery or advancement sooner. This 
could have enormous benefits for the Department of 
Defense (DOD), as well as to the nation as a whole.
For example, a large breakthrough in a radar screen 
program could allow us to pick up foreign missiles soon 
enough to destroy them before they ever threaten our 
borders. This type of benefit is nearly impossible to 
put a price tag on, but is very important nonetheless. A 
key development in a composite material used on wing 
tips of an F-15 or F-16 fighter jet may enable it to 
conserve fuel and, thus, out duel any foreign jet that 
it may face. While benefits such as these are 
immeasurable, they are certainly the most important and 
the main reason that the DOD enters into such contracts 
in the first place.
The first significant cost of the automation 
process is the cost of the computer equipment itself.
In order to fully automate an organization of 200 people 
such as PKR, a great deal of equipment must be 
purchased. T o d a y ’s computer equipment is certainly not 
cheap, but is a necessity if a company or firm (either 
Government or private industry) is to operate 
ef f iciently.
The equipment to be purchased for PKR was discussed 
in Section III. and includes the following: 1)
Zenith-248 computers, 2) Alps P2000 printers, 3) Floppy
Disks, 4) Printer Ribbons, and 5) Enable and Harvard 
Graphics software programs. The cost of this equipment 
will be analyzed for each of the ten years of this 
study.
The second cost of automating PKR is the cost of 
maintaining the computers. Computers are simply 
machines and are subject to breakdowns and malfunctions 
just like as any other industrial or office machine. 
Rather than deal with a breakdown as it occurs, PKR will 
use maintenance contracts as a vehicle to ensure that 
the equipment can be repaired on a timely basis. Unlike 
many private firms, the government cannot simply call a' 
repair shop and have someone come out to repair a 
computer when it breaks down. The government can only 
repair equipment by using an existing contract or by 
awarding a new contract in an emergency situation.
Thus, if the government did not set up maintenance 
contracts for the computers, getting one repaired could 
be a real nightmare. A contract would have to be 
authorized before the repair could be made. Even though 
this could be classified as an emergency situation, the 
low dollar amounts and "red-tape" that would be 
necessary to fix the machine would certainly not be
efficient or worthwhile. ° By setting up maintenance 
contracts to cover every computer and printer in the 
Directorate, repairs could be made by making a phone 
call to the existing contractor who would be required to 
send a repairman out to the office that same day.
Of course, this raises the question, "What about 
warranties ?" The government will not purchase 
warranties on this computer equipment for the following 
reasons: 1) Money can be saved, since the price of the
machines will not include warranty provisions, and 2) 
Getting a machine repaired under the Zenith warranty 
plan would not be time efficient since the machine would 
have to be sent to an authorized Zenith service center. 
This could mean that an individual would be without a 
machine for a number of days. Therefore, a maintenance 
contract will be set up which will allow for repairs to 
be made on the same day. This will be discussed further 
in the next section.
The third and final cost of automating PKR will be 
the cost of training the employees to use the computers. 
It is unrealistic to think that the computers can be 
installed, and the employees will start cranking out
^®PKR would have to go through a formal 
competitive contracting process in order to repair a 
machine if no maintenance contract existed. It is 
unlikely that this type of repair would be designated as 
an emergency in the first place.
documents regardless of their level of computer
experience. Thus, training the work force to use the
machines efficiently is a very necessary part of the
automating process.
Whenever an organization trains its employees, that
organization does so in the hope of obtaining increased
productivity in the future. Along with the training,
however, comes a cost in the form of an opportunity cost 
2 6to the company4 0 . This is true, because while the
employee is being trained in a course or by formal on
the job training, he or she is not producing for the
company, or at least is not producing as if he or she is
not undertaking the training. The opportunity cost to
the company represents the employees’ productive value,
which in a perfectly functioning economy is going to be
2 7very close to the wage rate. ' Thus, if an employee 
is in a course for two hours, the opportunity cost to 
the company is equal to two hours of the em p l o y e e s ’ pay. 
This will be discussed in more detail in the next 
sect ion.
The training process for the employees of PKR will 
take on three forms: 1) Formal computer courses at the
^®Anderson, Lee G., Settle Russell F. 
Benefit-Cost Analysis: A Practical Guide (Lexington, MA. 
Lexington Books D.C. Heath and Company. 1977. 3
Air Force Institute of Technology (AFIT), 2) Formal 
in-house training courses, and 3) On-the-job training. 
The formal computer courses at AFIT will only be used 
during the first year of automation (1991). These 
courses represent two types of cost to PKR: the tuition 
cost of the course and the opportunity cost of the time 
the employees will spend in the class. While the formal 
in-house training courses will not have a tuition cost, 
they still have an opportunity cost for the time the 
employees will spend in the course instead of working. 
These courses also have another opportunity cost as 
well-- the opportunity cost of the instructors who will 
teach the courses. The instructors will be GS-12 PKR 
employees who are very knowledgeable about computers and 
how they can be applied to the PKR contracting process.
The on-the-job training also represents two types 
of opportunity cost. The first is the opportunity costs 
of the employees who spend time learning the computer by 
running trial spreadsheets and just simply familiarizing 
themselves with the keyboard and the entire system 
during their normal working hours. The second cost is 
the cost of the formal trainers who are assigned to all 
new employees within PKR. The time that they spend 
training employees on the computer represents lost 
contract production time to PKR.
This section has presented a rough sketch of the 
cost and benefits to be analyzed in this thesis. The 
next section will go into the details of how each of 
these cost and benefits were measured.
This section of the thesis will provide a thorough 
discussion of the empirical model used to perform the 
cost-benefit analysis on this project. The first part 
will discuss the discount rate selected and provide the 
rational for the rate or rates selected. The second and 
third parts of this section will discuss each of the 
benefits and costs to be derived if the automation 
process is undertaken. The measuring or estimating 
technique used for each benefit and cost will be broken 
out in detail to provide a better understanding of the 
ov e r a l 1 m o d e l .
1. The Discount Rate
Since this automation project is being performed 
for a Government agency, there was not very much 
flexibility in the selection of the discount rate. The 
Office of Management and Budget (OMB) prescribes a 
standard 10% discount rate for "evaluating the 
measurable costs and/or benefits of programs or projects
when they are distributed over time".3® The 
Government enforces this policy to avoid having 
different methods of determining the discount rates used 
on similar projects. Thus, for uniformity sake, use of 
OMB Circular A-94 is strictly enforced. This assures 
that situations are avoided such as a case where a 
Naval office may use the "Opportunity Cost of Capital" 
approach to selecting a discount rate for a construction 
project, while an Army office may use the "Social
O Q
Discount R a t e ®  for an identical type of project.
Each Government agency generally uses a "Sensitivity 
Analysis"33 in presenting their results, so that the 
Cost-Benefit analysis results can be evaluated at 
various discount rates. Therefore, my analysis will use 
the 10% discount rate prescribed by OMB circular A-94, 
as well as a "Sensitivity Analysis" where the following 
discount rates will be examined: 6%, 8%, 10%, 12%, and
14%. This range of rates is broad enough to provide a 
comprehensive look at the Cost-Benefit analysis results.
3®This discount rate is enforced in the Of f ice 
of Management and Budget Circular A-94 entitled; 
"Discount rates to be used in evaluating time 
distributed costs and benefits", (Washington D.C. 
Executive Office Of The President, OMB. 1972)
O QcaAnderson and Settle, Benefit-Cost A n a l y s i s ,
85,86.
2. Benef its The benefits measured for this empirical 
model are: 1) Clerical Time Saved, 2) Material Dollars
Saved, and 3) Supplies Saved. Listed below is a 
detailed break out and description of the benefits to be 
gained if the automation project is implemented:
A. CLERICAL TIME SAVED- As mentioned in Section III, 
one of the most obvious benefits from automating is the 
clerical time that could be saved in preparing 
contractual documents. This is true, because by using 
the computer, the Negotiators can generate final typed 
documents at the touch of a button rather than by going 
through a clerk who would have to physically type the 
document. The following steps provide a detailed break 
out of how this benefit was measured.
STEP 1. The first step required in order to measure 
the clerical time saved is to obtain an estimate of the 
amount of time it currently takes a clerk to perform a 
particular action. This was accomplished by using the 
results of a Clerical Survey which had been distributed
O 1
to 20 clerks throughout the Directorate. 1 The survey 
asked for the average amount of time (in hours) that it 
takes to prepare various types of documents. The types
^*This survey was conducted by a PKR Critical 
Action Team (CAT) in the summer of 1990. Results were 
furnished by Jerry Kerns of PKRP (Pricing office).
of documents included: Contracts, Acquisition Plans, 
Record of Contracting Actions, Memos to the File,
Letters, Funding Actions, and Redirection Modifications. 
The clerks were asked to indicate the time it takes to 
produce the original document and the average time it 
takes to make corrections to the previously produced 
documents. The survey also asked the clerks to estimate 
the average amount of time that the various documents 
sit in their "in-baskets" while they are working other 
actions. The response to the survey was excellent in 
that 100% of those surveyed responded. The overall 
averages of the survey were given back to the clerks as 
feedback, and they were asked to evaluate the overall 
building averages. The response was that 17 out of the 
20 (85%) surveyed felt that the building averages were a 
good representation of the actual time it takes to 
produce or correct a document. This data proved 
invaluable in performing this analysis. The survey 
results can be found in Appendix A.
STEP 2. Having obtained the clerical information, 
the next step was to obtain a report of the number of 
contractual actions and the total amount of dollars 
obligated during the past 5 fiscal years. This type of 
information is tabulated by the Procurement Management 
Information System commonly referred to as P M S . The PKR 
staff office which handles this system is PKRO; the
focal point is James Marcellus. Mr. Marcellus was 
requested to run a report for the past 5 fiscal years 
which would cover F Y - 8 6 , FY-87, FY-88, FY-89 and FY-90. 
The report was to give the total number of actions (by 
type of action), as well as the total amount of dollars 
obligated for each of the 5 fiscal years listed.
PMS reports five different types of actions: New 
Contracts, Additional Effort Modifications, No Cost 
Redirections, Administrative Modifications and Funding 
Actions. Mo r e o v e r , since letters are also a big part of 
the clerical job, an amendment to the Clerical Survey 
was sent out to estimate the number of letters produced' 
over the past five years. (The results of this amended 
survey for letters can also be found in Appendix A.)
Use of the past year data is necessary to form a basis 
for making projections for the next ten years. Results 
of the PMS data can be found in Appendix B paragraph 1 
and 2.
STEP 3. In order to make projections for the next 
ten fiscal years, some transformation of the data was 
required. Dollar amounts were only available for three 
of the five types of actions from PMS, since only 
Contracts, Additional Effort Modifications and Funding 
Actions obligate money. Therefore, the main projection 
tool for the out years is going to be the WL budget 
which is determined by the Department of Defense Budget. 
Since No Cost Redirections, Administrative
Modifications, and letters do not have dollar values, 
transformations were required in order to make the 
projections. No cost redirections were divided by the 
total number of actions (for each year); likewise, 
administrative mods were divided by the total number of 
actions. Letters were divided by the total number of 
actions to obtain an estimate of letters per action. 
These newly derived numbers or percentages will be used 
to project these three types of actions shortly (See 
Appendix B paragraph 3.)
As mentioned before, the main tool to be used in 
estimating is the WL budget. The Defense budget took a' 
very hard hit during the Congressional negotiations this 
past fall. * The WL budget for research and 
development was cut by 10% for FY91.
While the Congress approves a budget for one year, 
the Pentagon makes budget projections for approximately 
ten years in advance for planning purposes. These 
projections are used in negotiating the DOD Budget.
Based on this y e a r ’s congressional results, the Pentagon 
is projecting large cuts in the defense budget over the 
next few years. These cuts are passed down to each 
branch of the service who then creates their own
^ A m o u y a l ,  Barbara and Holzer, Robert, "Navy,
Air Force Dash Joint Fighter Plans," Defense N e w s , 
December 17, 1990. 1.
operating budget. The Department of The Air Force is 
projecting a total cut of 60% in the WL operating budget 
over the next ten years. This includes a 10% cut for 
FY-91 and 92 and a 5% cut for each year thereafter.22
STEP 4. The next step in the projection process 
involved totalling the dollar amounts for Contracts, 
Additional Effort Mods, and Funding Actions for each of 
the past five fiscal years. The total for each type of 
action was then divided by the sum of the total dollars 
for each fiscal year to derive what percentage of the 
actions were new contracts, or Additional Effort 
Modifications and to determine what percentage of the 
total dollars were funding actions. The projected 
budget cuts mentioned above were then applied to the 
FY-90 WL budget in order to project each out year 
budget. For example, the FY-90 budget was cut by 10% to 
project the FY-91 budget. Each preceding year was then 
cut by the appropriate percentage (10% for 92 and 5% 
thereafter) to derive the out year operating budgets.
The total operating budget for each out year was then 
multiplied by the percentages derived for each type of 
action (above) to estimate the total dollars each type 
of action. (See Appendix B. paragraph 3 & 4)
22WRDC/PC Financial Office, projections OCT
1990.
STEP 5. The total number of actions were derived by 
dividing the total dollars for funding actions, new 
contracts, and additional effort mods by the average 
dollar value of those actions. The total number of 
administrative modifications, no-cost redirections, and 
letters were determined by multiplying the applicable 
percentages developed above by the newly projected total 
out year actions. (See Appendix B. Paragraph 5)
STEP 6. This step involved using the results of an 
additional Critical Action Team (CAT) s u r v e y . ^  This 
survey was distributed to 20 Negotiators (of various 
experience levels) throughout the Directorate. Each of 
the Negotiators was asked to estimate the percentage of 
each type of document that needs correcting. These 
percentages were multiplied by the average correction 
times from the clerical survey to be used in the overall 
analysis.
STEP 7. The next step involved taking the average 
clerical hours per type of action and multiplying them 
by the projected number of actions for each out year to 
arrive at the projected total number of clerical hours 
(used to produce documents) if automation is not 
implemented. These hours include the correction time 
mentioned in Step 6. The hours derived represent the
^ T h i s  survey was conducted by the same PKR CAT 
group in June of 1990.
clerical hours to be saved once automation takes place. 
Since automation will not be complete until April of 
1991, the full amount of hours projected for that year 
will not be saved. The span of time from October of 
1990 to April of 1991 represents half of the fiscal 
year, thus only 50% of those hours will be saved. 
Therefore, the total FY-91 clerical hours were 
multiplied by 50% to project the clerical hours saved 
for FY-91. (See Appendix B. paragraph 8.)
STEP 8. Once the clerical hours to be saved had 
been projected, the next step involved converting these 
hours to dollars. This involved looking at the mix of 
clerical salaries within the directorate. The grades 
for clerks range from GS-4 to GS-6. A break out of the 
clerks by grade is shown in Appendix B paragraph 9. The 
average clerical salary for each grade for 1990 was used 
as the base rate. Escalation factors were taken from 
the projections made in the Weekly Federal E m p l o y e e s ’ 
News Digest (NOV 90).^5 These average rates were 
projected over the ten year period (FY-91 to FY-2000) to 
allow for the computation of a weighted average wage 
rate for clerical employees within PKR. This was 
accomplished for each out year in the following manner:
^"Congress Reaches Accord; Pay Revolution on 
way," Weekly Federal E m p l o y e e s ’ News Di g e s t , November 5, 
1990.
First, the wage rate for grade X was multiplied by the 
number of clerks in grade X (for all three clerical 
grades). These amounts were then totalled for each of 
the three grades. The sum total of the three grades was 
then divided by the total number of clerks within PKR 
(41) to arrive at the weighted average clerical wage 
rate for year Y.
The conversion to dollars was then made by simply 
taking the weighted average wage rate for a particular 
year and multiplying it by the total number of clerical 
hours saved (for each type of document) in that 
particular year. The dollars saved for each type of 
document were then totalled to represent the total 
clerical dollars saved in year Y. (See Appendix B. 
paragraph 10)
STEP 9. Having totalled the clerical dollars saved 
for each out year, it was now possible to discount the 
out year dollars to arrive at a net present value. As 
mentioned previously, a sensitivity analysis was 
performed using the mandated 10% discount rate along 
with the other rates mentioned above. The results of 
the NPV analysis can be found in Section VI. of this 
thes i s .
B. MATERIAL DOLLARS SAVED- The materials purchased under 
PKR contracts are developmental and escalate at a very 
high rate. One way to combat this high escalation is to 
award the contracts quicker so that the material can be 
bought sooner at a lower price. Certainly, it could be 
argued that deferring the purchase until later could 
prove more economical since the money could earn 
interest while it is sitting idle. However, in this 
case, the escalation rate is so high that it would more 
than offset any interest gained in an alternative 
investment. In other words, the escalation rate of the 
materials is so much higher than the discount rate used 
in the net present value analysis that it is preferable 
to procure the material as soon as possible.
The process used to calculate the escalation rates, 
amount of time saved by automating and, eventually, the 
net present values was very long and cumbersome. Listed 
below is a detailed break out of the steps involved in 
the process.
Step 1. With the large number of materials procured 
in PKR each year, it would be almost impossible to 
analyze each and every one of them. Therefore, by 
talking to each division chief in PKR, a list of the ten 
or eleven most common materials or classes of materials
was developed to use in this analysis. ° The 
materials chosen and their potential applications are 
listed on the following page:
2®This list of materials was developed by 
interviews with the PKR Division Chiefs during August of 
1990.
1) AS4/EYMDU-25 PREPREG- An early staged polymer that 
may have future applications in aerospace vehicles such 
as the Space Shuttles and the proposed National 
Aerospace Plane (NASP).
2) AS4/AFR-700 PREPREG- Similar to above, but for 
non-aerospace ground and air applications.
3) GALLIUM ARSENIDE- Has a potential application in 
electronic and semi-conductor technology in both 
aircraft and spacecraft.
4) INDIUM ARSENIDE- A metallic mirroring type 
substance used in transistor technology.
5) PERFLUOROPOLYALKYLETHERS- Lubrication technology, 
applications are classified.
6) CHLOROTRIFLUROETHYLENE- An aerospace fluid 
additive, applications are classified.
7) SILAHYDROCARBONS- Same as number 6.
8) POLYPHENYLETHERS- A potential fuel additive for 
aircraft.
9) PBT FILM-(Phenylenebenzobisthiazole) a potential 
high temperature light weight aircraft structural 
mater i a l .
10) PBO F I L M - (Phenylenebenzobisoxazole) same as number 
9.
11) CLASSIFIED FLUIDS- A group of fuels, lubricants, 
and other related materials that are classified.
Step 2. This step involved looking at past year 
material quantities and prices to determine the actual 
price per pound paid so the escalation rates could be 
determined. The past material dollars and quantities 
were obtained from records of past PKR contracts from 
1986-1990. A break out of these numbers can be found in 
Appendix C. paragraph 1, 2, and 3.
Step 3. Having derived the past year escalation 
rates, it was now possible to arrive at an average 
yearly escalation rate (from 86-90) for each of the 
individual materials (See Appendix C. paragraph 4).
This average escalation rate would be used to project 
the price per pound for each out year. Using an average 
yearly escalation rate derived from the past five years 
is the most accurate way to project a feasible 
escalation rate for each of the materials. Using common 
economic data which applies to the economy as a whole 
such as the consumer price index, or using other leading 
inflationary indicators, would not provide an accurate 
picture of the escalation rates for these materials for 
the following reasons: 1) The materials are not
commercially available, thus there is no free market 
system for their procurement and, 2) The materials are 
still developmental and are not produced on a full scale 
development basis. This tends to keep their price high, 
since the materials are usually changed or transformed
slightly under each c o n t r a c t ’s various research 
pr og ra ms.
The price per pound for each type of material was 
then projected for each out year using the average 
escalation rate (See Appendix C. paragraph 5). However, 
these prices do not accurately reflect what the 
materials are selling for at the time they are 
purchased. This is true, because prices escalate 
gradually over time, not just at the end of each year. 
Therefore, to more accurately reflect the true price of 
materials at the time of purchase the following 
procedure was used: First, the average inflation rate 
per year was divided by 12 months to arrive at an 
average inflation rate per month. Second, since 
contracts are currently being awarded at approximately 6 
months, it was necessary to escalate the materials by 
multiplying 6 months by the average monthly escalation 
rate developed above. The six month estimate was used 
since the majority of the contract actions are awarded 
during the sixth month after the requirement is 
received. Thus, for 1991, the purchase price of the 
materials are the 1990 price per pound escalated at the 
monthly escalation rate X 6. The price for 1992 would 
be the 1991 base price (escalated at the full y e a r ’s
escalation rate) escalated at the monthly escalation 
rate X 6. This process is continued for each out year. 
(See Appendix C. paragraph 6)
Step 4. The next step in the process was to 
estimate the out year material dollars to be spent by 
PKR. Since the average price per pound had already been 
projected, the only missing link to perform this 
calculation was an estimate of the quantity of materials 
required in the out years. A request was made to WRDC 
to provide estimates of the quantity of materials (in 
lbs.) required for each of the out y e a r s . T h e s e  
estimates were provided and based on the following 
factors: 1) The potential of the material for meeting
the characteristics required for its intended 
application, 2) The WL budget and projected new awards, 
and 3) Past quantities required under previous 
contractual efforts. The estimated quantities were 
provided by WL and the out year material dollars 
projected by multiplying the projected out year prices 
per pound by the estimated quantities per out year. See 
Appendix 2. Section B. for a break out of the out year 
material dollars. (See Appendix C. paragraph 7 and 8) 
Step 5. This step was the first of four aimed at 
looking at how much sooner we can award contracts (and
Robert McConnell of WL/ML (materials 
laboratory) interviewed by author on July 20, 1990.
hopefully save material dollars) by automating. The 
first task was to estimate the average escalation of the 
materials by month. This was done by dividing the 
average out year escalation amounts by 12 (months). This 
will provide a more accurate look at material dollars 
saved later on since months saved per action were 
examined rather than years saved per action, and most 
contracts are awarded in approximately six months.
The Clerical Survey data was accessed once again to 
provide an estimate on the clerical time saved per 
document, as well as the in-basket or waiting time that 
could be saved. In the Section on Clerical Time saved 
(above), the in-basket time was not included since the 
work was sitting idle during this time and not taking up 
any actual clerical time. Because this Section deals 
with the total time saved in getting contracts awarded, 
it is appropriate to include it so that the true time 
savings may be reflected. The total hours saved 
including in-basket time, as derived from the clerical 
survey, is 1535.93 hours. This time includes the 
average time for both new contracts and additional 
effort modifications since these are the only two types 
of actions under which material is purchased. (see 
Appendix C paragraph 9)
Step 6. The projected number of new contracts and 
additional effort modifications were taken from the
projections made in the clerical time saved section to 
determine the total hours saved for each out year. As 
in the clerical time saved section above, the FY-91 
hours were multiplied by 50%, since automation would not 
be complete until April. The next task was to convert 
hours to months. Since there are 24 hours in a day, 
and thirty days in a month, the total number of hours in 
a month is 720. Thus, hours were converted to months by 
dividing the total hours by 720. The total months saved 
per year were then divided by the number of actions per 
year (new contracts and additional effort mods only) to 
derive the average time saved per action. (See Appendix
C. paragraph 9. b, c and d)
Step 7. Once the above data had been obtained, in 
its final form, it could be used with the escalation 
rates to compare the prices of material without 
automation and material with automation. The basic 
premise behind using automation was that the sooner the 
contractual documents were awarded, the more money that 
could be save on materials by avoiding excess escalation 
in the out years. The purchase requests for new 
contracts and additional effort mods are generated at 
the beginning of each fiscal year. By getting these 
items awarded quicker, the material can be procured at a 
cheaper price than it would be later in the year.
The first task in calculating this savings was to 
derive the actual percentage that the material will have 
escalated in each out year before it is finally 
purchased. It was previously stated that the 
contractual documents are awarded at approximately six 
months. In order to derive the material prices before 
implementation of the automation process, six months was 
used as the award time and must therefore be used again 
here. The average number of months saved per 
contractual action was computed in Step 6. Therefore, 
the average number of months saved per action was 
subtracted from the six month base, because if the 
contract can be awarded in six months without 
automation, then the award time with automation would 
equal six months minus the amount of time saved by 
automation. The resulting figure (award time with 
automation) was then multiplied by the average monthly 
escalation to derive the actual amount that the material 
prices will have escalated before being purchased.
Step 8. The next step in the process was to 
calculate the price paid per pound of the material, when 
purchased after the automation process has been 
implemented. The following example illustrates how the 
prices were calculated: The 1991 rates were calculated 
by taking the 1990 base year dollars and escalating them 
by the escalation amount derived in Step 7. This
process was continued for each out year. For each 
succeeding year, the base year dollars represented the 
previous years dollars escalated at the entire rate 
applicable for that year. The price per pound for each 
type of material was then multiplied by the pounds 
required, for each out year (see Step 4), to arrive at 
the total amount of material dollars spent in millions. 
See Appendix C. paragraph 13)
Step 9. Thus far, the above steps have provided us 
with an estimate of the out year material dollars for 
two scenarios: 1) If no automation takes place and, 2)
If automation is implemented. By comparing the net 
present value of each of the two scenarios, it will be 
possible to identify the amount of money saved by 
automating. A net present value was calculated at each 
of the discount rates for the total amount of dollars 
spent on material from 1991 to 2000. By subtracting the 
NPV of the materials purchased (if automation is 
implemented) from the NPV of the materials purchased if 
automation is not implemented (for each discount rate), 
the NPV of material dollars saved by automation can be 
derived. The results of this analysis can be found in 
Section VI. of this thesis.
C. SUPPLIES SAVED- The third benefit of automating PKR 
is the amount of office supplies that could be saved by
using computers. If letters and documents are created 
by computers fewer amounts of paper, pens, and other 
office supplies will be used. The materials looked at 
in this analysis are:
1) Pens/penci Is
2) Writing/notebook paper- Paper used to write draft 
documents.
3) Copy Machine paper- Paper used for photocopying
4) Computer paper- all paper & letterhead which can be 
used in the computer.
5) I nkpads/w-out
6) Typewriter Paper- Letterhead and paper used to type 
documents by typewriter.
Detailed below is a step by step break out of the 
process used to estimate the supply dollars saved. The 
actual numbers can be found by following along in 
Appendix D. The corresponding sections of the appendix 
will be referenced in the appropriate steps.
Step 1. The first step in the process was to 
gather data on the past supply dollars spent (by each 
type of supply). PKRO (the operations branch) has the 
primary responsibility of procuring supplies for the 
entire Directorate. Hence, they were contacted to 
obtain a break out of the past dollars spent on supplies
for FY 1986-90.2® PKRO was also questioned about the 
type of contracts and general trend in prices of the 
supplies purchased. In response, they stated that the 
supplies were purchased under Indefinite Quantity 
Contracts where a minimum order quantity and a maximum 
order quantity are specified. Thus, the Government must 
purchase the minimum quantity and may not exceed the 
maximum quantity. These contracts are typically for a 
period of one year with an option for the next two 
years. The basic contract and each option contain the 
maximum and minimum purchase quantities as well as the 
negotiated unit price for each supply item covered under" 
the contract. PKRO further stated that the out years 
(options) of these contracts generally allow for a 
negotiated 1.5% escalation factor in the price of the 
supplies and that this rate has remained fairly 
consistent for the past 3 or 4 years. This escalation 
rate will consequently be used as the rate for 
projecting out year supply dollars.
Step 2. The objective of this step is to project 
the out year supply dollars. The out year dollars 
projected here did not include the effects of 
automation. The first task was to derive some 
percentage or figure from the past supply data to tie
38 PKRO keeps yearly records of the types, 
quantities and prices of supplies purchased.
the supply dollars (percentage) to the total number of 
actions completed each year. The total number of 
actions include: 1) new contracts, 2) additional effort
modifications, 3) no-cost redirection of efforts, 4) 
administrative modifications, 5) funding actions and 6) 
Letters. The total supply dollars for each year (for 
each type of supply purchased) were divided by the total 
number of actions to reflect supply dollars as a 
percentage of the total number of actions. An average 
percentage was calculated for each type of supply for 
the period of FY 1986 - 1990. These average percentages 
were then multiplied by the projected number of actions 
for each out year (as projected in Appendix B. paragraph
5) and escalated at 1.5% to derive the estimated supply 
dollars for each out year. See Appendix D. paragraph 3. 
for the actual projections.
Step 3. The next step in this process was to 
determine the effects that automation would have on the 
amount of supplies purchased. As mentioned previously, 
most of the supplies decrease, except for computer paper 
which should increase due to the increased computer 
usage. Since the automation process will not be fully 
implemented until April of 1991, the impact of the full 
amount of yearly cuts in supplies used will not be felt 
immediately. Appendix D. paragraph 4 provides a yearly 
break out of the expected percentage of supply cuts.
The data for the supply cuts was obtained from a 
study performed by the F-16 Systems Program Office (SPO) 
who automated in early 1990.^® The F-16 SPO study 
allowed approximately 2.5 years for both learning the 
new machines and for becoming less dependent upon 
notebook paper and other office supplies. The 
percentages used in their study were duplicated here and 
provide maximum cuts as follows: 1)Pens/PenciIs-- 50%,
2) Writing/Notebook papei 50%, 3) Copy Machine paper---
25%, 4) Computer paper 80% (increase), 5)
Ink/pads-whiteout-- 25%, and 6) Type writer papei---
100%. These cuts are the maximum cuts and will not be 
fully in effect until 1996. These percentage cuts were 
multiplied by the projected out year dollars to obtain 
an estimate of the actual dollars cut for each type of
supply in each out year. The dollars cut were then
subtracted from the projected out year material dollars 
(without automation) to arrive at the actual supply 
dollars spent if automation is implemented. (See 
Appendix D. paragraph 5)
Step 4.- This step simply entailed subtracting the
projected out year supply dollars (with automation) from
the projected out year supply dollars (without
Data obtained ASD/YWK (The F-16 Systems 
Program Office of Contracting). The data was dated July 
15,1990.
automation) and calculating a Not Present Value of the 
resulting figure for each o u t y e a r . Thereupon, a total 
amount of supply dollars saved (via automation) for each 
out year was derived. (See Appendix C. paragraph 7)
Next, a net present value was determined for each of the 
discount rates used in the sensitivity analysis. The 
results of the NPV analysis can be found in Section VI. 
of this thesis.
3. Costs The costs of this project are as follows: 1)
Computer Equipment Costs, 2) Maintenance Costs (for the 
equipment), and 3) Training Costs. The analysis of the 
costs for this project was less difficult to perform 
than the benefits analysis, since most of the costs were 
cold, hard numbers requiring little manipulation other 
than running a net present value. However, the 
exception was the training costs analysis which required 
a great deal of speculation and projection simply 
because all people do not learn at the same pace.
A. COMPUTER EQUIPMENT COSTS- This cost item deals with 
the actual costs of the computer hardware and software 
equipment to be purchased for the automation process and 
includes the following: 1) Zenith-248 computers, 2) Alps
P2000 printers, 3) Floppy Disks, 4) Printer Ribbons, and
5) Enable and Harvard Graphics software programs.
Step 1. The first step in this process simply 
entailed obtaining an estimate of the quantities of 
equipment to be purchased. Appendix E. paragraph 1 
contains that estimate. The quantity of equipment to be 
purchased was determined based on the type of position 
h e l d .
For example, all personnel, except for clerks and 
PKRO personnel, will have their own Z-248. In order to 
meet this need, 137 computers will have to be 
purchased. However, for the clerks and PKRO personnel 
whose jobs will be less computer oriented, the allotment 
will be one Z-248 for every two people. Thus, this will 
require 27 machines, making a cumulative total of 164 
computers. As mentioned previously, ten computers were 
purchased in 1990 for the test case. These computers 
represent a sunk cost and, therefore, the 1991 purchase 
lot will only require 154 machines.
The Alps P2000 printers will be allotted in a 
slightly different manner. One printer will be allotted 
for every two computers with the exception of the Branch 
and Division Chiefs, the Director and Deputy Director, 
and the Small Business representative. Because of the 
logistical arrangement of these individuals’ offices, 
sharing a printer is not practical. Thus, 25 printers 
will be required for these individuals.
The other printer requirements were determined by 
dividing the number of computers at each position by 2 
and rounding to the higher number. The result was an 
additional requirement of 71 printers for a total 
requirement of 96 printers for the entire Directorate. 
Once again, some of the printers had already been 
purchased in the test case (5 were purchased, 1 for 
every two machines) and, hence, the 1991 purchase 
requirement for Alps P2000 printers is 91.
Due to copyright laws applicable to software, each 
computer must have a purchased copy of every program 
that is on that machine. Therefore, all 164 Z - 2 4 8 ’s in ' 
PKR must have a copy of Enable and Harvard Graphics at 
that machine. Since 10 copies of each program have 
already been purchased (for the test case), an 
additional 154 copies of each program must be purchased 
for each computer.
The number of floppy disks and printer ribbons to 
be used per year were based on supply data from the F-16 
SPO who automated last year. These numbers, along with 
the cost of each equipment item mentioned above, can be 
found in Appendix E. paragraph 1.
Step 2. This step involved looking at the costs of 
the equipment, taking into consideration the year that 
it would be purchased. The computers, printers, and 
programs will all be purchased in 1991. As mentioned
previously, the equipment will be purchased under an 
existing GSA contract, on which the prices have already 
been negotiated. The purchase price includes any 
assistance required in setting up the equipment, 
although set up time generally requires only a few 
mi nutes.
All of the computers and printers will be fully 
operational by April of 1991. The programs will be 
loaded by PKRO personnel at the time of installation.
The costs of the major equipment are as follows: 1)
Z- 2 4 8 ’s--$ 1,960 per unit, 2) Alps P2000 Printers 
--$ 528 dollars per unit, 3) Enable (word processing, 
spreadsheet and data base management)--$ 121 per 
program, and 4) Harvard Graphics--$ 260 per program.
A few floppy disks and printer ribbons will also be 
purchased in 1991. The requirements for the floppy 
disks and printer ribbons were obtained from estimates 
and supply records from the F-16 SPO. This data and the 
F-16 S P O ’s purchase projections for the next couple of 
years were used to project the out year requirements for 
these items. The floppy disks and printer ribbons were 
escalated at a 3% annual rate as this was the rate
negotiated in the GSA purchase order contract.^®
Appendix E. paragraph 3 provides a break out of the 
supply quantities and dollars for each out year.
Step 3. The task of this step was to simply run a 
Net Present Value. Therefore, the supply dollars were 
totalled for each out year and a NPV was figured for 
each discount rate. The results of this analysis can be 
found in Section VI. of this thesis.
B. COMPUTER MAINTENANCE COSTS - This cost item deals 
with the maintenance contracts necessary to keep each 
computer operating efficiently. PKR has set up 
maintenance contracts with Technical Scientific Services 
Company (TSS) for each computer and printer currently 
within PKR^*. Similar contracts will be continued for 
the new equipment as well. A maintenance contract for 
the Enable and Harvard Graphics software packages was 
determined to be unnecessary, since they are given 
lifetime warranties against defects (other than damage 
or m i su se).
Step 1. The first task in analyzing this cost was 
to contact TSS to see if they had performed any price
Escalation rates obtained from GSA contract 
G00245-90-C-1123.
4 1* This contract was set up for the Z-lOOs and 
the new computers that were purchased in the test case. 
The contract number is F3 36 15 -9 0- C- 000 9.
projections (for maintenance contracts) for the next ten 
years. Indeed, TSS had made the projections for use in 
negotiating maintenance contracts extending longer than 
one year periods. According to the company 
spokesperson, TSS often negotiates up to five year 
contracts with business firms (other than Govt.), since 
they are not regulated by Federal Acquisition laws which 
govern how long they can legally enter into service 
contracts. The Government, on the other hand, can only 
enter into one year service contracts with a provision 
for three additional option y e a r s . ^  The prices used 
in this analysis represent the prices negotiated by the 
Government for a 6 month contract (April 91 to Dec 91) 
and the projected TSS prices (per month) through the 
year 2000.
Step 2. This step entailed calculating the actual 
dollars to be spent on maintenance contracts in PKR 
from 1991 to 2000. TSS prices the contracts on a 
monthly, per machine, basis. Therefore, by multiplying 
the price of each machine by the total number of 
machines, then by multiplying the number of months under 
contract (for that year), the amount of dollars to be 
spent for maintenance contracts can be derived. The 
prices are separate for both computers and printers. A
^  Federal Acquisition Regulation, Part 37.107.
detailed break out of the prices and total amounts can 
be found in Appendix F.
Step 3. The task of this step was to derive the 
Net Present Value of the total amount of money spent on 
maintenance contracts for each out year. The NPV is 
shown in Section VI. of this thesis.
C. COMPUTER TRAINING COSTS - Whenever an office or an 
organization makes a radical change in i t ’s operating 
methods, it is a good idea to implement training at the 
very onset of the process. Many organizations make the 
painful mistake of "leaping without looking". In other * 
words, they purchase a whole new computer system or make 
a complete change in the manner in which they conduct 
business and then try to implement training as a last 
resort in order to escape from the total chaos that has 
de ve lo pe d.
Therefore, the first task to be performed in this 
analysis was to analyze past surveys to determine how 
computer literate the Directorate was as a whole. A 
Critical Action Team (CAT team) within PKR had been 
looking at the possibility of automating the pricing 
process within the confines of the already existing 
computer setup. This CAT team conducted a survey to 
determine the level of computer experience within the 
Directorate. This survey was conducted in June of 1990
and was adequate for providing the information needed 
for this a n a l y s i s . ^  The survey listed five 
categories of experience levels: 1) none to very little,
2) less than six months, 3) six months to one year, 4) 
one year to two years and 5) more than two years. The 
survey also requested that each group indicate their 
level of experience with Harvard Graphics and Enable, 
since these programs are currently being used throughout 
most of the Department of D e f e n s e . ^
Step 1. The main task in this step was to 
determine the types and number of training sessions or 
courses that would be required to get the organization 
functioning efficiently on the computers. The Air Force 
Institute of Technology (AFIT) currently teaches the 
following computer classes: Basic MS-DOS, Enable word 
processing, and enable spreadsheet. AFIT did not have a 
Harvard Graphics course, so the first need of the 
Directorate was to set up such a course in-house. The 
PKR staff also felt it would be wise to have in-house 
courses for Enable Word Processing and Spreadsheet
^  PKR Critical Action Team survey dated June
1990
^  These programs are the only programs (other 
than mainframe or scientific type programs) currently 
available to the DOD under GSA contracts.
functions, since the in-house courses could "tailor" the 
course material by presenting specific applications to 
the type of work performed in P K R .
The PKR CAT team, along with the staff, determined
the need for courses based on the experience levels
derived from the surveys. The CAT team survey results 
are shown in Appendix G. paragraph 1. Determinations of 
which group would take certain courses was then 
determined by the level of experience exhibited as shown 
in the following examples: Example 1, a person with
under 6 months of computer experience would be required 
to take all of the following courses: Basic MS-DOS 
(AFIT), Enable Word Processing (AFIT), Enable 
Spreadsheet (AFIT), Harvard Graphics (in-house), Enable 
Word Processing (in-house) and Enable Spreadsheet 
(in-house). Example 2, a person with less than one year 
of computer experience (but more than six months) would 
have to take all of the above courses except for Basic
MS-DOS. Example 3, people with 1 to 2 years of
experience would not have to take Basic MS-DOS and would 
have the option of whether or not they would take the 
AFIT courses.
It is anticipated that approximately one half of 
the people will take the AFIT courses. The need for the 
in-house courses will still be quite high, however, as 
the three courses (Enable Word Processing, Enable
Spreadsheet, and Harvard Graphics) will be taken by 
approximately 75%, of the people, based on the CAT team 
survey. Individuals with over two years of experience 
would not need to take the AFIT courses and would only 
need the in-house courses, if they had never worked with 
Enable or Harvard Graphics before. The CAT team survey 
revealed that approximately 50% of these people would 
take the three in-house courses. It was determined by 
the CAT team and the PKR staff that no training was 
necessary for the Contract Writer Program, since it is a 
simple question and answer program of which the entire 
directorate is familiar with.
Step 2. The next step in the process was to 
determine the number of people who would take each 
course in FY-91. FY-91 was figured separately from the
other out years since the automation process will be new 
and extensive training will be required. The CAT team 
survey results were used to derive the number of people 
who would take each course. In addition, A spreadsheet 
was set up to predict the number of individuals who 
would take each course. This spreadsheet can be found 
in Appendix G. paragraph 2.
Each experience level, mentioned above, was 
assigned as a category. The percentages of the 
employees who fall into each category were then listed, 
followed by a heading of each course. If the course was
required for that particular experience group, a "1" was 
inserted into the appropriate column. If the course was 
optional, the expected percentage of the people who 
would take that course was listed (ie. .5 or .75). If 
the course was not required, or would not be needed for 
any experience group a "0" was placed in the appropriate 
column. The last column listed the results of the 
calculations using the total number of people in PKR 
(200), multiplied by the CAT team survey percentages to 
derive the total number of people in each group. The 
total number of people who would take each course was 
then derived by the formula shown in Appendix G. 
paragraph 2a.
Step. 3. The purpose of this step was to determine 
the cost of the AFIT courses for FY-91. However, a 
decision was made by the PKR staff to not use AFIT 
courses beyond 1991. This decision was based on the 
following: 1) The high cost, both in dollars and person
hours lost (an opportunity cost), 2) These courses are 
very basic in nature and any new employees will most 
likely be computer literate (those coming straight out 
of school and those other Directorates who have most
likely automated by this time)^®, and 3) The quality 
of the in-house courses should be good enough by this 
time to provide adequate training. The total cost of 
the AFIT courses was derived by multiplying the course 
tuition cost by the number of employees who will be 
taking the course.
Still, there is another cost which must be figured 
into this analysis. When an employee leaves PKR to take 
one of these courses, his contracting work is not being 
performed. Thus, there exists an opportunity cost to 
attending the course. This cost represents the lost 
contracting work to the organization for the hours that 
the employee is in school.
Many economists have measured opportunity cost in 
various ways. However, one of the simplest, and, 
perhaps the most accurate measure for our purposes is to 
use the wage r a t e / ®  This assumes that the e m p l o y e e ’s 
production for a given hour of work is equal to his pay. 
Thus, the opportunity cost of a PKR employee attending 
an AFIT course is the average hourly wage rate for PKR 
multiplied by the hours spent in the course. This total 
is then multiplied by the number of PKR students taking
All Government agencies are being encouraged 
to automate their organizations as much as possible.
OMB letter dated June 21, 1990.
Anderson and Settle, Benefit-Cost A n a l y s i s ,
the course to determine the total opportunity cost to 
PKR. The total opportunity cost is then added to the 
actual course cost to arrive at the total cost of each 
AFIT course. These numbers can be found in Appendix G. 
paragraph 3. a, b and c.
Step 4. The purpose of this step was to determine
the total costs of the in-house training courses for 
1991. This step was actually performed in two separate 
tasks since it represented two separate costs to the 
organization. The first cost to PKR was the cost of the
instructors who will teach the course (shown in Task 1),
and the second cost is the opportunity cost of the 
employees attending the course (shown in Task 2).
The purpose of Task 1 was to estimate the 
opportunity cost of the instructors who will teach the 
in-house courses. The instructors will all be GS-12 PKR 
employees who have an average hourly salary of 
$18.31 in 1991. Each course will be limited to a 
maximum of 12 students. The CAT team survey indicated 
that, in FY-91, each of the three in-house courses would 
have approximately 140 people. This means that each 
course must be taught 12 times (140/12). Each course is 
scheduled to be a two hour session, thus the scheduled 
course hours will be 72 (36 courses multiplied by 2 
hours e a c h ).
The opportunity cost of the instructors teaching 
the courses will be the lost hours of productivity from 
their contracting jobs while the instructors are 
teaching the courses. This will once again be measured 
by the instructor’s hourly wage earned while on his or 
her contracting job. The average hourly salary of 
G S - 1 2 ’s for 1991 within PKR is $ 18.31. By multiplying 
the average hourly wage by the total hours of each 
course (2), and multiplying the result by the total 
number of times a given course will be taught (12), the 
total opportunity cost of each course figures to be $ 
439. Thus, the total of all three courses (3 courses X 
$ 439) is $ 1,317. (see Appendix G. paragraph 4a for the 
break o u t s ).
The purpose of Task 2 was to estimate the 
opportunity cost of the students who will take the 
course. This will be accomplished in a similar manner 
to the instructors’ opportunity cost calculation. As 
shown in the CAT team survey, the total number of 
students who will take each course is 140. This means 
that a total of 420 students will attend the PKR 
in-house courses (140 x 3). The average salary for 1991 
within PKR (all employees) was calculated to be $ 14.57. 
The total opportunity cost of one of the courses was 
calculated as follows: the total number of students in 
one of the courses (140) was multiplied by the total
hours of the course (2), then the result was multiplied 
by the average salary ($14.57) to equal a total 
opportunity cost for one course of $4,080. Thus, the 
total for all three courses is $12,240. (see Appendix #
6 paragraph 4 b. for the break outs) The total cost of 
the in-house courses can then be derived by adding the 
totals from Task 1 ($ 1,317) and from Task 2 ($ 12,240) 
to equal $ 13,557.
Step 5. The next step in the process was to project 
the total number of out year courses required. In order 
to do this, however, it was necessary to have some idea 
of the number of new employees who will be coming into 
PKR in each of the out years. In order to accomplish 
this task, it was necessary to contact ASD/PKXX (the 
personnel office, also known simply as PKXX). PKXX 
makes 12 to 15 year projections of the expected number 
of new employees in order to plan recruiting and 
training p r o g r a m s . ^  Several variables go into the 
projections, such as age of the current work force (to 
plan for retirements), the number of temporary or 
training personnel in an organization who will most 
likely be leaving in one to two years, the number of 
military personnel (who move at least every four years),
^  Data obtained from M.S. Sharrice Crosby, of 
ASD/PKXX, by interview with the author on August 16,
1990.
and finally economic conditions such as hiring freezes, 
budget constraints, and other similar variables. The 
latter comes into play for 1991 due to the extreme 
budget cuts which have forced a freeze on new hires and 
transfers (for both military and civilian) for the 
remainder of 1991.
No new employees will be hired by PKR for 1991.
This is certain because PKR is on the borderline for 
cuts and any employees who leaves (by either retirement 
or by voluntary separation) will not be replaced. PKXX 
provided their projections covering PKR for the next ten 
years. These projections are shown in Appendix G. 
paragraph 5.
The next task in this step was to estimate the 
number of in-house training courses that will be 
required to train the new employees. A simple, but not 
feasible, solution to this would have been to divide the 
total number of new employees for a given out year by 12 
(the size of each course) to determine the number of 
courses required. This would work in theory, but not in 
reality, since all of the new employees for a given out 
year will not come into PKR at the same time. The best 
alternative to this problem is to offer the three 
courses (in a certain sequence) twice each year. Thus, 
some employees will have to wait after being hired 
before they can attend the courses. This will not
present a problem however, since the individuals can be 
receiving on-the-job training (to be discussed later) 
while they are waiting on the courses.
Step 6. By having the above information, it is now 
possible to estimate the opportunity cost for both 
students and instructors for each of the out year 
courses. Again, the methods used represent an 
opportunity cost. This time the opportunity cost is the 
productive time lost on the job while attending the 
course. Hence, it was necessary to begin this step by 
projecting the average hourly wage of both the 
instructors (GS-12 only) and all of the 
employees/students for each out year (92-2000). This 
calculation was performed using the base labor rates 
derived for 1991 and escalating them by the escalation 
rates listed in Appendix B. paragraph 7).
The total opportunity costs for the out year 
courses were then derived as follows: The total number 
of courses were determined to be 6 for each out year 
since three courses will be taught twice each year. The 
total number of course hours were listed as 12, since 
each course will last for 2 hours. The total 
opportunity cost for a given out year was derived as 
follows: For instructors, the cost was derived by
multiplying the total number of courses (6) by the total 
number of hours (2) by the average wage rate for the
given year. For students, the cost was derived by 
multiplying the total number of courses (3) by the total 
hours spent in each class (2) by the total number of 
students who will take the courses (represented by the 
number of new employees) by the average wage rate for 
the given year. This process was performed for each out 
year. See Appendix G. paragraph 8. for the complete 
list of figures and dollars.
Step 7. On-the-job training is a key part of 
learning any new job or new method to perform a job.
The purpose of this task was to estimate the time spent 
by employees learning the computer systems while on the 
job. In the ideal world, a person could come straight 
out of a formal course like those discussed above and 
start producing documents on the computers right away.
In the real world, however, this is not always the 
case. Employees must, as the old saying goes, "learn by 
doing" in order to become proficient at a given task. 
Right now, PKR has an on-the-job training program for 
contracting work in place so that the on-the-job 
training program for the computer systems could be 
easily incorporated.
In the existing on-the-job training program, a new 
employee is assigned a designated trainer their first 
day on the job. The trainer is a GS-12 in the new 
employee’s office who explains many of the local
operating policies and procedures, moreover the trainer 
keeps him or herself available to answer any questions 
the new employee may have.
With an on-the-job training system already in 
place, it was difficult to estimate what cost, if any, 
would be realized by implementing the automation 
process. Still, the cost here will be an opportunity 
cost just as it was in the training courses. If an 
employee is spending time learning the computer during 
duty hours, or if a trainer is spending time showing an 
employee how to set up a spreadsheet, for example, then 
the opportunity cost is the amount of contracting work 
that is forfeited while they are training or being 
trained.
Once again the opportunity cost will be measured by 
using the wage rate of the employee being trained or the 
wage rate of the trainer. The difficulty in this step 
was to estimate the amount of time that an individual 
will spend for computer on-the-job training.
Fortunately, another organization had just automated, so 
data was available for estimates. The F-16 SPO, which
has been mentioned previously, just finished automating 
and had surveyed some employees concerning the time it 
took to adjust to the new c o m p u t e r s / ®
The SPO, as a whole, had an average of 20 hours of 
on-the-job training invested for someone to learn the 
new computer system. This number was therefore adopted 
as the PKR estimate for on-the-job training since the 
systems are identical. However, this still left a 
couple of very important questions unanswered: 1) How
many employees within PKR will need on-the-job training 
for the computers initially? and, 2) Will future new 
employees be more computer literate and, thus, require 
less on the job training for computers?
The first question was answered by referring to the 
CAT team survey. Since it was determined that 140 
employees would need to take the three in-house training 
courses, it is highly likely that this same number will 
require on-the-job training. The answer to the second 
question of whether future new employees will be more 
computer literate and require less on-the-job training 
was yes. As the years pass by, new employees in PKR 
will either be college graduates, who will most likely 
be computer literate, or transfers from another
The employees were considered to be 
"adjusted" when they could perform the entire gamut of 
their job on the computers.
Government organization which will have automated by 
that time. Therefore, the average on-the-job training 
hours for 1995 and beyond were reduced to 14 hours per 
person. This number was chosen because of the F-16 
survey, which showed that individuals possessing the 
same level of computer experience had an average of 
approximately 13.66 hours of on-the-job training before 
they felt completely comfortable with the new system.
The second part of the problem was to determine how 
many hours a trainer would need to spend with an 
employee before that employee became self-sufficient on 
the computer. Once again the F-16 SPO survey data was 
used to arrive at an answer. The survey showed that the 
average trainer time was approximately 7 hours per 
employee. This number was also adopted as the PKR 
estimate. The F-16 survey revealed that, for those 
employees who had significant computer experience, only 
4 hours of trainer time was required. Thus, four hours 
were used as the PKR estimate for the previously 
trained, computer literate, new employees for 1995 and 
beyond.
The final part of this step was to calculate the 
total on-the-job training costs using the data from the 
F-16 SPO. This was done in two phases. The first phase 
was to estimate the on-the-job training opportunity 
costs for the employees. The total number of employees
for 1991 was 140 . The total number of new employees 
for each out year represents the employees who will 
require the on-the-job training in the out years. The 
average pay of all employees was used as the wage rate 
and was escalated for each out year using the same 
escalations rates used previously.
The total opportunity cost of on-the-job training 
for a given out year was then derived as follows: The 
total number of employees to be trained was multiplied 
by the average number of hours to be spent for on the 
job training. Next, the result of the previous 
calculation was multiplied by the average wage rate for 
that particular year. These calculations were performed 
for each out year. See Appendix G. paragraph 9 for a 
break out of these costs.
Phase two was to estimate the total opportunity 
costs of the trainers for performing on-the-job 
training. This was done just as it was in the first 
phase. The total number of employees to be trained was 
multiplied by the total number of trainer hours 
required, which was then multiplied by the average 
trainer wage rate (Trainers are G S - 1 2 ’s only). These 
calculations were also performed for each out year.
The total opportunity costs of employees and 
trainers were added together to derive the total 
on-the-job training cost for each out year. A complete
list of the figures and dollar amounts derived can be 
found in Appendix G. paragraph 9.a.
Step 8. The purpose of this step was to calculate 
the net present values of the computer training costs. 
This was accomplished by totalling the costs of each of 
the three types of training (AFIT Courses, In-house 
courses and On-the-job training) for each year 
(1991-2000) and calculating a net present value for each 
of the discount rates. The results will be discussed in 
the following section, while the totals can be found in 
Appendix G. paragraph 10.
This section of the thesis will present and 
interpret the results of the cost benefit analysis which 
has just been described. The section following will 
provide a complete summary as well as recommendations 
and implications. The results, i.e., Net Present Values 
(NPV), for each benefit and cost will be presented 
separately in the first portion of this section, while 
the latter portion of this section will sum the NPV of 
the benefits and the costs to derive a composite NPV for 
the entire analysis.
The first benefit analyzed was Clerical Time 
Saved. Appendix B. provides a break out of the figures 
derived in the analysis. The total clerical hours saved 
by automation was truly astounding. Although the hours 
had not yet been converted to dollars, it was very 
evident by the number of hours saved that the NPV would 
be quite high as well. The conversion to dollars was 
made and the NPV was determined for each discount rate 
used in the sensitivity analysis. Listed below is a 
break out of the NPVs by discount rate:
6% $ 692,822
8% $ 628,994
10% $ 573,602
12% $ 525,032
14% $ 482,506
The NPV at the government enforced rate of 10%
(see Section III, The Empirical Model, for discussion on 
the Discount R a t e ) was a staggering $ 573,502. This 
large number indicates that a great deal of clerical 
time can be saved by implementing the automation 
project. This result should not have been a surprise 
however, due to the duplication of effort that has been 
taking place in PKR over the past several years. For 
every document that was handwritten by the Negotiator or 
Contracting Officer, that same document would have to be 
typed by the clerk. Thus, it was expected early on that 
the elimination of typing hours would be a very 
lucrative benefit of automation. Now, the clerks will 
be free to do other administrative types of tasks, since 
they will not be required to spend the majority of their 
time typing up documents. More will be discussed on 
this topic in the conclusion section.
The second benefit analyzed was Material Dollars 
Saved. The net result of this item was not certain 
until actual escalation rates were derived. As
mentioned in the empirical and theoretical model 
sections, the escalation rate would have to be 
significantly higher than the discount rate in order to 
realize a cost savings.
Once the price per pound of the materials was 
analyzed and escalation amounts derived, however, it was 
very evident that automating would help save material 
dollars. Some materials had an escalation rate of 18% 
to 20% and the overall average escalation for the out 
years proved to be 15.1147%, or 1.2595% per month. A 
NPV was determined for the price that would be paid for 
materials if purchased under the way PKR is currently 
conducting business, as well as for the amount paid if 
the materials were to be purchased after automation was 
implemented. Remember that the materials are purchased 
at the beginning of the contract, thus by getting 
contracts awarded quicker (by automating), the materials 
would be purchased sooner, resulting in lower prices 
since the price would not have inflated as much. Listed 
below is a break out of the NPVs for this program:
(Dollar amounts are in millions)
Rate NPV (No Auto) NPV (Auto) M a t e r . $ Saved
6% $ 706.55 689.80 $ 16.75
8% $ 632.70 617.76 $ 14. 94
10% $ 569.33 555.94 S 13.39
12% $ 514.68 502.63 $ 12.06
14% $ 467.35 456.45 $ 10. 90
The NPV of material dollars saved at the government 
discount rate of 10% was an incredible $ 13,390,000. 
These savings far exceeded any I had anticipated. The 
main reason for the large savings was the large amount 
of contract dollars that are spent on materials, and the 
time saved in getting contracts awarded quicker was so 
great that the material would be purchased at a much 
lower price than if it were purchased later.
The third benefit analyzed was the number of 
office supplies that could be saved if automation were 
implemented. As stated previously, Negotiators and 
Contracting Officers would hand draft documents or 
letters, and then give them to a clerk to type. Thus, 
by automating, a great deal of paper and pencils could 
be saved by having the Negotiator type the letter or 
document on the computer. This would eliminate the need 
for clerical typing.
Initially, it was difficult to predict whether or 
not this benefit would be high or low since many
supplies, such as paper and pencils, will decrease, 
while other supplies, such as computer paper, will 
increase. The net present values at each discount rate 
are listed below:
Discount Rate NPV
6% $ 102,872
8% $ 92,865
10% $ 84,178
12% $ 76,604
14% $ 69,972
The NPV at the government enforced discount rate of
10% was $84,178. While this number is low when compared 
to the clerical time saved and to the material dollars 
saved, it is nonetheless a benefit. A figure of $84,178 
in cost savings is a lot of money when you are talking 
about paper, pens, white-out and other miscellaneous 
office supplies. And, the dollar amount of this benefit 
would have been even higher if not for the large dollar 
increase in computer paper, (see Appendix D. paragraph 
7)
The first cost analyzed was the computer equipment 
cost. This cost was expected to be quite significant, 
since purchasing computer equipment for an organization 
of 200 people, such as PKR, represents a large dollar 
investment. The equipment analyzed included the 
computers (Z-248s), printers, printer ribbons, software
programs, and floppy disks. The prices were set by GSA, 
contracts so the analysis of this cost was very simple.
The cost were totalled for each year and a NPV 
computed for the totals. Listed below is break out of 
the NPV for each discount rate:
Discount Rate NPV
6% $ 411,764
8% $ 401,700
10% $ 392,333
12% $ 383,671
14% $ 376,340
The NPV at the 10% discount rate is $ 392,333. As 
mentioned above, this large amount was expected. 
Accordingly, the NPV of the equipment cost over the 10 
year period will be $ 392,333.
The second cost analyzed also included a very 
simple analysis. Computer maintenance cost includes the 
cost of the computer maintenance contracts which cover 
every machine in PKR. These contracts are discussed in 
detail in the previous theoretical and empirical model 
sections.
The analysis simply involved totaling the costs of 
the maintenance contracts for each year and, then, to 
determine a NPV for the totals. Listed below is the NPV 
of the computer maintenance cost for each discount rate:
6% $ 307,095
8% $ 276,494
10% $ 250,070
12% $ 227, 140
14% $ 207,155
This cost element turned out to be fairly high as well. 
While the cost of maintenance for one machine (per 
month) seems fairly inexpensive, the cost for an entire 
organization is quite high, as evidenced by the large 
NPV at the 10% discount rate.
The third and final cost item analyzed was the 
training cost. Unlike the first two cost items, this 
analysis proved to be quite difficult. A great deal of 
estimating and projecting were required to come up with 
the data required to properly analyze this cost. 
Moreover, the cost was expected to be quite high because 
of the large opportunity cost that PKR would incur as a 
result of the hours spent by employees in class or 
on-the-job training.
Three different types of training were identified: 
1) AFIT Courses, 2 ) In-house courses and 3) On the job 
training. The costs of each type of training were 
totalled for each year and a NPV was performed on the
totals (see Appendix G. paragraph 10 for a break out of 
the totals). Listed below are the NPVs of the cost of 
computer training at each discount rate:
Discount rate NPV
6% $ 210,672
8% $ 202,844
10% $ 195,804
12% $ 189,434
14% $ 186,636
The NPV of the training costs at 10% was 
$195,804. This was also a very high cost. The training 
costs were extremely high in the first year of 
automation, but then tapered off in the out years as 
they were reduced by including new employees only. Once 
again, the high dollar amount was not a surprise, as 
training of any type is very costly.
The composite NPV for this cost-benefit analysis 
is shown on the next page. The total NPVs of all of the 
benefits were added together, as was the total NPVs of 
all of the costs. The following page shows a break out 
of the NPV for the automation process by discount rate:
BENEFIT:
C l e r . time svd: $692,822 $628,994 $573,502
Material $ svd: 16,750,000 14,940,000 13,900,000
Supplies svd: 102,872 92,865 84,178
TOTALS: $17,545,694 $15,661,859 $14,047,680
COSTS:
Computer cost: $411,764 $401,700 $392,333
Maintenance cost: 307,095 276,494 250,070
Training cost: 210,672 202,844 195,804
TOTALS: $929,531 $881,038 $838,207
NET PRESENT V A L U E :$16,616, 163 $14,780,821 $ 13,209,473
Discount rate: 12% 14%
BENEFIT:
Cler. time svd: $ 525,032 $ 482,506
Material $ svd: 12,060,000 10,900,000
Supplies svd: _____76,604 69,972
TOTALS: $ 12,661,636 $ 11,452,478
COSTS:
Computer cost: $ 383,571 $ 375,340
Maintenance cost: 227,140 207,155
Training cost: 189,434 186,636
TOTALS: $ 800,145 $ 769,131
NET PRESENT V A L U E :$ 11,861,491 $ 10,683,347
It is very obvious from the NPVs shown above that 
automation should be implemented. The NPVs are positive 
at every discount rate, which is a strong indicator that 
the project is a good one. The NPV at the Government 
discount rate of 10% is $ 13,209,473. More details on 
the conclusions derived by these results will be 
presented in the next section.
The summary/conclusion of this thesis will focus 
on three separate topics: 1) A conclusion of the results
of the cost benefit analysis, 2) Future implications of 
automating to PKR and 3) Recommendations to PKR.
The conclusion of the results presented in the 
last section is quite obvious. Automating the 
Directorate will provide a positive net present value to 
the organization of $ 13,209,473. This number is quite 
impressive considering only three benefits and three 
costs were measured.
The most surprising finding in the analysis was the 
amount of time that could be saved in terms of getting 
contracts awarded. In the very first year alone (1991), 
contracts could be awarded an average of 1.06 months 
quicker, and in the remaining years, the time saved by 
automation could reach approximately 2.13 months per 
action. To the average person, this may not appear to 
be a very significant amount of time saved, but when you 
start looking at the time saved in terms of the dollars 
saved material escalation, the time savings becomes 
quite significant.
The most important benefit of getting the contracts 
awarded quicker could not be measured, however. The 
Theoretical Model made mention of the benefit of gaining 
advances in technology sooner by getting contracts 
awarded sooner. Again, at first glance, 2.13 months may 
not seem as though it would make a big difference as far 
as advancing the state-of-the-art is concerned, but when 
you look at the total number of contracts that PKR will 
award in 1992 (362), the time saved seems quite 
significant. Multiplying 362 actions by 2.13 months per 
action equals 771.06 months. Thus by giving the Defense 
contractors a lead time of 771 months many breakthroughs 
in technology may occur sooner. Moreover, the benefits 
of this affect us all, since the quicker development of 
new technology could mean the difference in protecting 
and securing our nation.
Another important finding was the tremendous amount 
of clerical time saved. The currently used method in 
which PKR has been doing business creates an almost 
unbelievable duplication of effort. The clerical survey 
revealed the number of hours that it takes the clerks to 
create and correct various types of documents. The time 
spent typing these items up is a duplication of effort, 
since the Negotiator or Contracting Officer has already 
spent time handwriting these documents. By having the 
Negotiator type the documents on a computer, the entire
amount of clerical time spent to prepare documents could 
be saved. The amount of clerical time saved proved to 
be a very important benefit to the analysis. Also, by 
freeing up the time the clerks would otherwise spend 
typing, it would enable them to spend more time on other 
administrative tasks. The supplies saved turned out to 
be pretty much as expected. Although the amount saved 
is fairly significant ($ 84,178), it did not show 
anything that was not expected in the planning stages of 
this analysis.
The NPV of the costs, although high ($ 838,207 at 
10%), does not come close to outweighing the benefits of 
automating. This is clearly shown by the NPV of 
$838,207. The cost items, such as the supplies saved 
benefit (shown above) did not really provide any result 
that was not expected. In fact, the training costs 
($ 195,804) were actually lower than I anticipated, 
although much of this can be attributed to the low 
number of new employees that PKR is expected to receive 
over the next several years.
The future implications that this analysis reveal 
to PKR are very interesting. One implication is that it 
reveals how inefficiently PKR has been working in the 
past. With budget constraints and an ever watchful eye 
from Congress to save money, it is extremely important 
for every organization within the Department of Defense
to operate at peak efficiency. Congress is constantly 
looking for ways to trim the budget and save money in 
every organization. Consequently, according to my 
study, PKR should begin initiating efficiency aimed 
plans, such as automation, in order to avoid appearing 
to Congress as a wasteful organization. Accordingly, 
this could prevent some personnel or budget cuts 
directed from the Pentagon down.
The most important implication of this analysis 
however, is the effect that computers and automation 
will have on clerical and secretarial jobs in the entire 
work force, not just PKR. As shown in this analysis, 
much of the clerical/secretarial tasks of typing 
documents and letters is an obvious duplication of 
effort, since someone has to spend the time handwriting 
the documents in the first place.
Automation may eliminate or redefine a great many 
clerical jobs in PKR, as well as in the entire work 
force. Once automation is in place and personnel are 
trained, all of the Negotiators and Contracting Officers 
will be producing their own documents on the computers. 
Letters, contracts, and contract modifications will all 
be produced by the Negotiator/CO which will leave little 
typing for the clerks to do.
Thus, automation will most likely lead to one of 
the two following scenarios within PKR: The first
scenario is that the role of the clerk would change.
The clerical title may change to that of "Procurement 
Assistant", so that the clerks may be given authority to 
do funding modifications and other minor administrative 
type modifications. The role of the clerk within PKR at 
this time consists mainly of typing. Few, if any, of 
the clerks within the Directorate now have the authority 
to do any contract modifications. Thus, changing the 
clerical role would benefit the Directorate in that it 
would free up additional time for the Negotiators to 
work on other actions (ie. new contracts) which could 
lead to new contracts and redirections being awarded 
even more quickly. In addition, the change would 
benefit the clerks, because it would make them more a 
part of the contracting team, rather than just being in 
the "secretarial" or "typist" role.
The second scenario is the elimination of clerical 
jobs within PKR. Automation would take away 
approximately 90% of the work that clerks currently 
perform. Thus, if clerks have no work to do, then why 
should they still be retained as employees? The 
elimination of jobs by computers is certainly not 
without precedent in the commercial business world. 
Factory workers and many other industrial types of 
laborers have lost their jobs to high technology. It 
now appears that the secretarial or clerical career
field could be the next group to lose their jobs to 
c omputers.
It is my opinion that the elimination of jobs is 
the most likely event to occur within PKR. As mentioned 
previously, the DOD budget is being cut dramatically, 
which means fewer new contracts and modifications are 
going to be issued as the more dollars are drained from 
the system. Thus, even if the clerical role is 
redefined within PKR, it is unlikely that the work load 
would justify keeping more than one clerk in any branch.
Automation could also mean the loss of Negotiator 
and Contracting Officer positions within PKR, as well. 
Automation will allow contracts and modifications to be 
awarded quicker, which, along with a shrinking budget 
and work load, could mean that fewer people are needed 
to do the work. Thus, it appears that the loss of jobs 
within PKR is inevitable.
Based on all of the findings above, the 
recommendation to PKR is to fully automate the 
Directorate. The cost benefit analysis performed 
presents indisputable evidence that automation should be 
undertaken. The NPV at the Office of Management and 
Budget discount rate (10%) is $ 13,209,473. The NPV at 
every other discount rate used in the sensitivity 
analysis is also very high (positive). Thus, despite 
the potential loss of jobs mentioned above, the project
should be undertaken since the NPV of the benefits
exceed the NPV of costs. By automating, PKR can meet
two very important goals of the Department of Defense:
1) Awarding contractual actions quicker and, 2) Saving
49money by operating on a cost efficient basis. °
49 AFSC/PK letter dated 21 Feb 90.
CLERICAL SURVEY RESULTS
1. Estimate of clerical time spent to prepare 
original documents.
ORIG. ACTIONS AVERAGE /by 60- lhr
CONTRACT 150 2.5
ACQ PUN 41.25 0.6875
ROCA 126 2.1
MEMO TO FILE 17.75 t).295833
LETTER 9.1 (). 151667
FUNDING ACTION 30.75 0.5125
REDIRECTION 138.25 2>.304167
2. Estimate of time spent to correct
of document.
CORRECTIONS AVERAGE /by 60- lhr
CONTRACT 35.5 0.591667
ACQ PUN 14.5 0.241667
ROCA 31.75 0.529167
MEMO TO FILE 4.875 0.08125
LETTER 6.55 0.109167
FUNDING ACTION 14 0.233333
REDIRECTION 26.95 0.449167
3. Estimate of in basket: time.
IN BASKET TIME AVERAGE /by 60- lhr
CONTRACT 170 2.83333
ACQ PUN 134.25 2.2375
ROCA 102.75 1.7125
MEMO TO FILE 100.75 1.679168
LETTER 68 1.133333
FUNDING ACTION 96.5 1.608333
REDIRECTION 107.25 1.7875
4. Estimate of total docuaent tiee.*
TOT DOC TIME AVERAGE /60- 1 hour
CONTRACT 320 5.333333
ACQ PUN 175.5 2.925
ROCA 228.75 3.8125
MEMO TO FILE 118.5 1.975
LETTER 77.1 1.285
FUNDING ACTION 127.25 2.120833
REDIRECTION 245.5 4.091667
* ■ origination tiae plus in-basket tiae
5. Estiaate of total correction tiae.* 
TOT CORR TIME AVERAGE /60- 1 hour
CONTRACT 199.335 3.322225
ACQ PLAN 111.5625 1.859375
ROCA 127.775 2.129583
MEMO TO FILE 26.40625 0.440104
LETTER 11.18183 0.186364
FUNDING ACTION 22.1 0.368333
REDIRECTION 127.49 2.124833
* - correction tiae plus in-basket tiae, 
aultiplied by the percent that needs corrected
6. Estiaate of total docuaent tiae.* 
TOT CORR TIME AVERAGE
CONTRACT 
ACQ PUN 
ROCA
REDIRECTION
* ■ total original docuaent tiae plus total 
correction tiae.
519.335
287.0625
356.525
373.0075
ESTIMATE OF CLERICAL TIME SAVED
1. CONTRACT ACTIONS AND DOLLARS VALUES, 1986, 87, 88, 89 AND 90 
« ACTIONS
TYPE ACTION 1986 1987 1988 1989 1990 TOTALS
NEW CONTRACTS 580 593 446 403 414 2436
ADO. EFFORT 545 446 451 558 623 2623
NO COST REDIR 714 813 1021 812 796 4156
ADMIN. MODS 406 604 796 657 643 3106
FUNDING ACTS. 1464 1716 2117 1468 1462 8227
LETTERS 27699 27500 28232 26544 26244 136219
TOTAL 31408 31672 33063 30442 30182 156767
2. PAST $ DOLLAR AMOUNTS (IN MILLIONS)
TYPE ACTION 1986 1987 1988 1989 1990 TOTALS
NEW CONTRACTS 918.4 1086.8 817.8 723.9 734.2 4281.1
ADO. EFFORT 303.8 224.7 252.4 296.4 256.3 1333.6
NO COST REDIR 0 0 0 0 0 0
ADMIN. MODS 0 0 0 0 0 0
FUNDING ACTS. 427.4 525.8 494.2 475.9 479.3 2402.6
TOT NEW+ADO » 1222.2 1311.5 1070.2 1020.3 990.5 5614.7
* New Contracts plus Additional Effort Modifications.
3. DOLLARS/ACTIONS (Dollar amounts divided by number of actions)
TYPE ACTION 1986 1987 1988 1989 1990 TOTALS
NEW CONTRACTS 1.5835 1.8327 1.8336 1.7963 1.7734 1.7574
ADO. EFFORT 0.5574 0.5038 0.5597 0.5312 0.4114 0.5084
NO COST RED * 0.0233 0.0264 0.0319 0.0274 0.0271 0.0272
ADMIN MODS** 0.0131 0.0194 0.0247 0.0221 0.0218 0.0202
FUNDING ACTS. 0.2919 0.3064 0.2334 0.3242 0.3278 0.2920
LETTERS *** 7.4681 6.5916 5.8439 6.8097 6.6643 6.6755
* ■ Total No-Cost Redirections divided by Total Actions. 
** - Total Administrative mods divided by Total Actions. 
*** ■ Total letters divided by Total Actions.
4. Projected PKR Operating Budget
TYPE ACT. PERC. 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
N.C.
A.E.
N.C.R.
A.M.
F.A.
TOTALS 
X CUT
53.4
16.6
0
0
30.0
706.36
220.04
0
0
396.42
635.73
198.03
0
0
356.78
603.94 
188.13
0
0
338.94
573.74
178.73
0
0
321.99
545.06
169.79
0
0
305.89
517.80
161.30
0
0
290.60
491.91
153.24
0
0
276.07
467.32
145.57
0
0
262.26
443.95
138.30
0
0
249.15
421.75
131.38
0
0
236.69
100 1322.82 1190.54 1131.01 1074.46 1020.74 969.70 921.22 875.15 831.40 789.83
—  10X 10% 5X 5X 5X 52 52 52 52 52
SEE THE KEY LISTED ON THE FOLLOWING PAGE.
5. Projected number of actions
TYPE ACT 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
N.C. 402 362 344 326 310 295 280 266 253 240
A.E. 433 390 370 352 334 317 301 286 272 258
N.C.R. 678 610 580 551 523 497 472 448 426 405
A.M. 487 458 435 414 393 373 355 337 320 304
F.A. 1357 1222 1161 1103 1047 995 945 898 853 810
LTR 22413 20303 19288 18323 17407 16537 15710 14924 14178 13469
TOT 25770 23334 22177 21068 20015 19014 18063 17160 16302 15487
SEE THE KEY LISTED ON THE FOLLOWING PAGE.
6. AVERAGE ORIGINAL DOCUMENT TIME (as derived from the Clerical Survey)
ORIG. DOC TIME AVERAGE /60- 1 hour
CONTRACT 150 2.5
ACQ PUN 41.25 0.6875
ROCA 126 2.1
MEMO TO FILE 17.75 0.295833
LETTER 9.1 0.151667
FUNDING ACTION 30.75 0.5125
REDIRECTION 138.25 2.304167
7. AVERAGE CORRECTION TIME (as derived from the Clerical Survey)
TOT CORR TIME AVERAGE /60-HR X CORREC CORR HRS CORR+ORIG HRS
CONTRACT 35.5 0.591667 0.95 0.562083 3.062083
ACQ PUN 14.5 0.241667 0.6 0.145 0.8325
ROCA 31.75 0.529167 0.95 0.502708 2.602708
MEMO TO FILE 4.875 0.08125 0.4 0.0325 0.328333
LETTER 6.55 0.109167 0.35 0.038208 0.189875
FUNDING ACTION 14 0.233333 0.75 0.175 0.6875
REDIRECTION 26.95 0.449167 0.95 0.426708 2.730875
8. TOTAL CLERICAL HOURS SPENT (by Contracting Action)
ACT* 1991 (*) 1992 1993 1994 1995 1996 1997 1998 1999 2000
N.C. 1305.73 2350.31 2232.79 2121.15 2015.10 1914.34 1818.62 1727.69 1641.31 1559.24
A.E. 1154.14 2077.46 1973.59 1874.91 1781.16 1692.10 1607.50 1527.12 1450.77 1378.22
NCR 036.87 1866.37 1773.05 1684.40 1600.18 1520.17 1444.16 1371.95 1303.35 1238.19
A.M. 126.30 237.54 225.67 214.38 203.66 193.48 183.81 174.62 165.89 157.59
F.A. 466.61 839.90 797.98 758.01 720.11 684.11 649.90 617.41 586.54 557.21
LTR 2127.80 3855.00 3662.25 3479.14 3305.18 3139.93 2982.93 2833.78 2692.09 2557.49
TOT 6217.45 11226.58 10665.26 10131.99 9625.39 9144.12 8686.91 8252.57 7839.94 7447.95
* SEE KEY BELOW
* 1991 hrs ault by .50 since automation won’t be complete until APR 91 (mid-point of FY-1991)
ADMIN MODS - MEMO TO FILE TIME plus LETTER TIME 
CONTRACTS - CONTRACT TIME plus ACQPLAN TIME plus ROCA TIME 
ADO EFFORT - REDIRECTION plus ROCA TIME 
NC REDIRECTION- REDIRECTION plus MEMO TIME
9. PROJECTED SALARIES FOR OUT YEARS
CLERK BREAK OUT • IN PKR 91 92 93 94 95 96 97 98 99 2000
GS-04 15 7.76 8.09 8.49 8.91 9.36 9.78 10.22 10.68 11.16 11.66
GS-05 16 8.94 9.32 9.78 10.27 10.78 11.27 11.78 12.31 12.86 13.44
GS-06 10 9.67 10.08 10.58 11.11 11.66 12.19 12.74 13.31 13.91 14.54
ESCALATION RATE — BASE 4.2X 5X 52 52 4.52 4.52 4.52 4.52 4.52
10. NEIGHTED AVG !SALARIES PER YEAR
SAL « 91 92 93 94 95 96 97 98 99 2000
NAS 41 8.69 9.05 9.50 9.98 10.48 10.95 11.44 11.96 12.50 13.06
NAS- NEIGHTED AVERAGE SALARY
11. DOLLARS PER YEAR IN CLERICAL TIME SAVED
(Equals weighted avg salary per hr tines I of hours per action)
ACT • 1991 1992 1993 1994 1995 1996 1997
N.C. 11341.99 21273.03 21219.85 21166.80 21113.88 20960.80 20808.84
A.E. 10025.29 18803.43 18756.42 18709.53 18662.76 18527.45 18393.13
NCR . 9006.61 16892.80 16850.57 16808.44 16766.42 16644.87 16524.19
A.M. 1097.07 2150.05 2144.68 2139.31 2133.97 2118.49 2103.14
F.A. 4053.16 7602.11 7583.10 7564.14 7545.23 7490.53 7436.22
LTR 18482.80 34892.29 34805.06 34718.04 34631.25 34380.17 34130.91
1998 1999 2000
18259.78 18127.39 17995.97 
16404.39 16285.46 16167.39 
2087.89 2072.75 2057.72 
7382.31 7328.79 7275.66 
33883.47 33637.81 33393.94
TOT 54006.92 101613.70 101359.7 101106.30 100853.50 100122.30 99396.43 98675.81 97960.41 97250.19 
♦SEE KEY BELOW
*KEY:
N.C.- NEN CONTRACTS
A.E.- ADDITIONAL EFFORT MODIFICATIONS
NCR - NO COST REDIRECTIONS A.M.- ADMINISTRATIVE MODIFICATIONS F.A.- FUNDING ACTIONS LTR - LETTERS 
A.M.- ADMINISTRATIVE MODIFICATIONS.
F.A.- FUNDING ACTIONS 
LTR - LETTERS
1. PAST MATERIAL AMOUNTS SPENT (IN MILLIONS)
MATERIAL 1986 1987 1988 1989 1990
EYMYDU-PREPREG 0.466328 0.476311 0.481867 0.521996 0.563278
AFR-700 PREPREGO.468595 0.478626 0.484209 0.524533 0.566015
GaAs 1.13324 1.1575 1.171 1.26852 1.36884
InAs 3.39972 3.4725 3.513 3.80556 4.10652
Perfluor-ky- 1.13324 1.1575 1.171 1.26852 1.36884
chlor-oliganer 3.881347 3.964438 4.010675 4.344681 4.688277
s. hydra carbon 0.84993 0.868125 0.87825 0.95139 1.02663
polylethers 1.69986 1.73625 1.7565 1.90278 2.05326
PBT FILM 19.26508 19.6775 19.907 21.56484 23.27028
PBO FILM 16.9986 17.3625 17.565 19.0278 20.5326
CUSS. FLUIDS 7.36606 7.52375 7.6115 8.24538 8.89746
\\\\\\\\\\\\\\\-----
TOTALS 56.662 57.875 58.55 63.426 68.442
2. PAST MATERIAL LBS (actual lbs)
MATERIAL 1986 1987 1988 1989 1990
EYMYDU-PREPREG 1570.5 1329.5 1100 990 975
AFR-700 PREPREG 18887 17072.25 13140 13120 13120
GaAs 40636.25 38251 32596 28440 26269.5
InAs 23857 20555 19129.5 17864.5 15223
Perfluor-ky- 12019 9889.5 9225 8500 8100
chlor-oligoner 21768.25 18676 16500 15634 15185.5
s. hydra carbon 21368 18002.75 17140 16006.5 14915
polylethers 4874.5 4307 3910 3400 3402
PBT FILM 1907 1624 1530.5 1489 1331
PBO FILM 18887 17072 14148 13009 12184.25
CUSS. FLUIDS 22893.75 18693 17610 16140 15234.25
\\\\\\\\\\\\\\\-----
TOTALS 188668.3 165472 146029 134593 125939.5
3. DIVIDE DOLLARS BY LBS TO GET PRICE PER LB
MATERIAL 1986 1987 1988 1989 1990
EYMYDU-PREPREG 296.93 358.26 438.06 527.27 577.72
AFR-700 PREPREG 24.81 28.04 36.85 39.98 43.14
GaAs 27.89 30.26 35.92 44.60 52.11
InAs 142.50 168.94 183.64 213.02 269.76
Perfluor-ky- 94.29 117.04 126.94 149.24 168.99
chlor-oligoner 178.30 212.27 243.07 277.90 308.73
s. hydra carbon 39.78 48.22 51.24 59.44 68.83
polylethers 348.72 403.12 449.23 559.64 603.54
PBT FILM 10102.30 12116.69 13006.86 14482.77 17483.31
PBO FILM 900.02 1017.02 1241.52 1462.66 1685.18
CUSS. FLUIDS 321.75 402.49 432.23 510.87 584.04
\\\\\\\\\\\\\\\----------------------
TOTALS
4. DERIVE ESCALATION AMOUNTS
MATERIAL 1986 1987 1988 1989 1990 AVG ESC
EYMYDU-PREPREG B 0.206559 0.222733 0.203644 0.095686 0.182155
AFR-700 PREPREG A 0.129981 0.314412 0.084931 0.079084 0.152102
GaAs S 0.0851 0.187174 0.241581 0.168243 0.170525
InAs E 0.185489 0.087051 0.159987 0.266327 0.174713
Perfluor-ky- 0.241347 0.084536 0.175677 0.132372 0.158483
chlor-oligomer Y 0.190526 0.14508 0.143284 0.110955 0.147461
s. hydra carbon E 0.212339 0.062586 0.159992 0.158053 0.148242
polylethers A 0.155991 0.114382 0.245771 0.07845 0.148648
PBT FILM R 0.199399 0.073467 0.113471 0.20718 0.148379
PBO FILM 0.129998 0.220746 0.178126 0.152127 0.170249
CUSS. FLUIDS 0.250942 0.073879 0.181942 0.143241 0.162501
\\\\\\\\\\\\\\\- 
AVG ESCALATION 0.194359 0.090134 0.128147 0.191951 0.151148
MONTHLY ESCALATION 0.012596
5. PROJECTIONS OF THE PRICE PER LB FOR OUT YEARS (USING THE AVG ESCALATION FROM * 4 ABOVE) 
Each price is escalated at the full year’s escalation rate.
MATERIAL 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
EYMYDU-PRE 682.96 807.36 954.42 1128.28 1333.80 1576.76 1863.97 2203.50 2604.88 3079.37
AFR-700 PRE 49.70 57.26 65.97 76.01 87.57 100.89 116.23 133.91 154.28 177.75
GaAs 60.99 71.39 83.57 97.82 114.50 134.02 156.88 183.63 214.94 251.60
InAs 316.89 372.25 437.29 513.69 603.44 708.87 832.71 978.20 1149.10 1349.87
Perfluor-k 195.78 226.80 262.75 304.39 352.63 408.51 473.26 548.26 635.15 735.81
chlor-oligo 354.26 406.50 466.44 535.22 614.15 704.71 808.63 927.87 1064.70 1221.70
s. hydra car 79.04 90.75 104.21 119.65 137.39 157.76 181.14 208.00 238.83 274.24
polylether 693.26 796.31 914.68 1050.65 1206.83 1386.22 1592.28 1828.96 2100.84 2413.12
PBT FILM 20077.46 23056.53 26477.64 30406.37 34918.03 40099.14 46049.00 52881.71 60728.25 69739.04
PBO FILM 1972.07 2307.82 2700.72 3160.52 3698.59 4328.27 5065.16 5927.50 6936.65 8117.61
CUSS. FLUI 678.95 789.28 917.54 1066.64 1239.97 1441.47 1675.71 1948.01 2264.57 2632.56
W W W W W W
6. PROJECT PRICE PER LB FOR OUT YEARS (IF NO AUTOMATION TAKES PLACE)
These prices per pound represent nhat the actual price paid Mould be if autosiation is not 
iipleaiented. Assines contracts are anarded 6 Months into the year.
MATERIAL 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
EYMYDU-PREG 621.38 734.57 868.37 1026.55 1213.55 1434.60 1695.92 2004.84 2370.03 2801.74
AFR-700 PREG 46.40 53.46 61.59 70.96 81.75 94.19 108.51 125.02 144.03 165.94
GaAs 56.05 65.60 76.79 89.88 105.21 123.15 144.15 168.74 197.51 231.19
InAs 290.14 340.84 400.38 470.34 552.51 649.04 762.44 895.65 1052.13 1235.95
Perfluor-k 181.76 210.57 243.94 282.60 327.39 379.28 439.39 509.02 589.69 683.15
chlor-oligo 332.07 381.03 437.22 501.69 575.67 660.56 757.97 869.74 997.99 1145.16
s. hydra car 74.03 85.01 97.61 112.08 128.70 147.77 169.68 194.83 223.72 256.88
polylether 649.16 745.65 856.49 983.81 1130.05 1298.03 1490.98 1712.61 1967.19 2259.61
PBT FILM 18804.59 21594.80 24799.01 28478.66 32704.30 37556.93 43129.59 49529.11 56878.19 65317.72
PBO FILM 1812.53 2121.11 2482.23 2904.83 3399.37 3978.11 4655.38 5447.95 6375.46 7460.88
CUSS. FLUI 628.18 730.26 848.93 986.88 1147.25 1333.68 1550.41 1802.35 2095.23 2435.71
W W W W Y
7. ESTIMATE OF THE REQUIRED POUNDS NEEDED, BASED ON LAB PROJECTIONS
MATERIAL 1991 1992 1993 1994 1995 1996 1967 1998 1999 2000
EYMYDU-PREP 22541 20820 20799 18981 17650 16540 16000 15470 15200 14250
AFR-700 PREG 11271 10410 10400 9889 9835 9491 8979 8955 8935 8910
GaAs 2505 2313 2311 2198 2186 2109 1995 1990 1986 1980
InAs 9392 8675 8666 8241 8196 7909 7482 7463 7446 7425
Perfluor-ky- 10645 9832 9822 9339 9288 8963 8480 8458 8438 8415
chlor-oligome 36317 33544 33510 31864 31690 30581 28932 28855 28790 28710
s. hydra carb 10018 9254 9244 8790 8742 8436 7981 7960 7942 7920
polylethers 13775 12724 12711 12086 12020 11600 10974 10945 10920 10890
PBT FILM 626 578 578 549 546 527 499 498 496 495
PBO FILM 626 578 578 549 546 527 499 498 496 495
CUSS. FLUID 7514 6940 6933 6593 6557 6327 5986 5970 5957 5940
W W W W W W V
TOTALS 125230 115669 115550 109079 107256 103009 97807 97060 96606 95430
8. ESTIMATE OF THE OUT YEAR MATERIAL DOLLARS (IN MILLIONS)
Represents the amount of material dollars to be paid if no automation takes place.
MATERIAL 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
EYMYDU-PREG 14.00656 15.29373 18.06132 19.48501 21.41907 23.72826 27.13468 31.01484 36.02444 39.92481
AFR-700 PRE 0.522981 0.55653 0.640515 0.701696 0.80401 0.893878 0.974319 1.119533 1.286899 1.478532
GaAs 0.140372 0.151765 0.177461 0.19752 0.22994 0.259729 0.28763 0.335783 0.392154 0.457754
InAs 2.725107 2.95684 3.469834 3.875872 4.528175 5.133112 5.704848 6.683759 7.833744 9.176909
Perfluor- 1.934796 2.070319 2.395941 2.639337 3.04093 3.399553 3.726002 4.305044 4.976043 5.748692
chlor-olig 12.05954 12.78148 14.65103 15.98583 18.24295 20.20034 21.92948 25.09638 28.732 32.87752
s. hydra ca 0.741702 0.786638 0.902314 0.98519 1.12506 1.246622 1.354253 1.550879 1.776758 2.034497
polylet 8.942336 9.487468 10.88646 11.89056 13.58349 15.0565 16.36223 18.74452 21.48217 24.6071
PBT FIL 11.77449 12.48935 14.32763 15.64546 17.86881 19.80189 21.51412 24.64073 28.23291 32.33227 
PBOFIL 1.134916 1.226745 1.434108 1.595839 1.857331 2.097459 2.32222 2.710357 3.16462 3.693135
CUSS. FLS 4.720031 5.068163 5.885632 6.50602 7.521954 8.438199 9.280572 10.76002 12.48024 14.46811
TOTALS 58.70284 62.86903 72.83224 79.50834 90.22171 100.2555 110.5904 126.9618 146.382 166.7993
9. ESTIMATE OF HON MUCH QUICKER IN HOURS CONTRACTS MILL BE AMARDED DUE TO AUTOMATION.
A. Average hours per contracts and add-ons froa the clerical survey, (includes correction 
and in-basket tiae.
CATEGORY AVERAGE
CONTRACT 519.335
ACQ PUN 287.0625 TOTAL - 1535.93
ROCA 356.525
REDIRECTION 373.0075
B. PROJECTED CONTRACTS AND ADD-ONS FROM APPENDIX C
TYPE ACTION 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
 _________________     9  9 _____   9 __________9 ______________ f ____________ 9 ______________ f   9 ______________9 ___________
NEW CONTRACTS 402 362 344 326 310 295 280 266 253 240
ADD. EFFORT 433 390 370 352 334 317 301 286 272 258
 _  9 ______________*  9 __________ 9 ______________ 9 ____________ 9 ______________ 9    9  9 ___________
TOTALS 835 751 714 678 644 612 581 552 525 498
C. TOT HRS FOR ACTIONS MULTIPLIED BY TOTAL ACTIONS
TYPE ACTION 1991* 1992 1993 1994 1995 1996 1997 1998 1999 2000
  9   9 ___________9 ____________ 9 ____________ 9 ______________ 9  9   9 ____________ 9 _________ ___
TOTALS 641031 1153855 1096162 1041354 989286 939822 892831 848189 805780 765491
* 1991 IS MULTIPLIED BY .50 SINCE AUTOMATION WILL NOT BE COMPLETE UNTIL APRIL— MIDPOINT OF FY-91.
D. CONVERT HOURS TO MONTHS 30 DAYS X 24 HRS DAY - 720 HRS PER MONTH
TYPE ACTION 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
_ _ _ _ _ _ _ _ _ _ _  —  * _ _ _ _ _ _ _ _  t _ _ _ _ _ _ _ _  9 _ _ _ _ _ _ _  * _ _ _ _ _  9 9 _ _ _ _ _ _ _ _  * _ _ _ _ _ _ _ _  9 _ _ _ _  9 _ _ _ _ _ _ _
TOTAL 890.3202 1602.576 1522.448 1446.325 1374.009 1305.308 1240.043 1178.041 1119.139 1063.182 
-MONTHS SAVED PER YEAR FOR ALL ACTIONS
10. DIVIDE MONTHS SAVED PER YEAR BY NUMBER OF ACTIONS TO GET MONTHS SAVED PER ACTION
TYPE ACTION 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
_ _ _ _ _ _  . . . .  * _ _  * _ _ _ _ _ _ _ _  » _ _ _ _ _ _ _ _  9 _ _ _ _ _ _ _ _  9 _ _ _ _ _  * _ _ _ _ _ _ _ _  » _ _ _ _ _ _ _ _  9 _ _ _ _ _  > _ _ _ _ _ _ _ _
TOTAL 1.066618 2.133236 2.133236 2.133236 2.133236 2.133236 2.133236 2.133236 2.133236 2.133236
11. MULTIPLY (6 MINUS THE I OF MONTHS SAVED) BY ESCALATION RATE TO GET
ACTUAL ESCAUTION RATE OF MATERIALS PURCHASED
TYPE ACTION 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
_ _ _ _ _ _ _ _ _  _ _ _  9 9 9 _ _ _  * 9 9 9 9 9
TOTAL 0.062405 0.048933 0.048953 0.048974 0.048995 0.049016 0.049038 0.04906 0.049082 0.049105 
- 6- MONTHS SAVED MULTIPLIED BY MONTHLY ESC RATE
TYPE MATERIAL 1991 1992 
. * _ _ _ _ _ _ _ _
1993 1994 
. *____
1995 
.9 ______
1996
»
1997 
. * _ _ _ _ _ _ _ _
1998
9
1999 2000 
.9 __ __
EYMYDU-PREP 613.77 716.37 846.88 1001.16 1183.56 1399.17 1654.08 1955.41 2311.65 2732.79
AFR-700 PREG 45.83 52.14 60.07 69.20 79.73 91.86 105.84 121.94 140.49 161.86
GaAs 55.36 63.98 74.89 87.66 102.61 120.11 140.60 164.58 192.64 225.50
InAs 286.59 332.39 390.47 458.70 538.86 633.02 743.63 873.57 1026.21 1205.53
Perfluor-k 179.54 205.35 237.90 275.61 319.30 369.91 428.55 496.47 575.17 666.34
chlor-oligo 328.00 371.59 426.40 489.29 561.45 644.25 739.27 848.30 973.41 1116.98
s. hydra car 73.13 82.90 95.19 109.31 125.52 144.13 165.49 190.03 218.21 250.56
polylether 641.21 727.18 835.29 959.48 1102.12 1265.98 1454.19 1670.39 1918.73 2204.00
PBT FILM 18574.33 21059.89 24185.20 Z7774.33 31896.10 36629.54 42065.48 48308.12 55477.20 63710.25
PBO FILM 1790.34 2068.57 2420.79 2832.99 3315.36 3879.88 4540.52 5313.65 6218.42 7277.27
CUSS. FLUI 620.49 712.17 827.92 962.47 1118.90 1300.75 1512.15 1757.92 2043.62 2375.77
W W W W W W
13. TOTAL MATERIAL DOLLARS SPENT FOR EACH OUTYEAR IF AUTOMATION IS IMPLEMENTED 
(IN MILLIONS)
TYPE MATERIAL 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
EYMYDU-PREP 13.83505 14.9149 17.61428 19.00311 20.88975 23.14234 26.4652 30.25026 35.1371 38.94226
AFR-700 PRE 0.516577 0.542745 0.624661 0.684341 0.784141 0.871806 0.95028 1.091934 1.255201 1.442145
GaAs 0.138653 0.148006 0.173068 0.192635 0.224258 0.253316 0.280533 0.327506 0.382495 0.446489
InAs 2.69174 2.883599 3.383951 3.780015 4.416273 5.00636 5.564096 6.518991 7.640787 8.951064
Perfluor- 1.911106 2.019037 2.336638 2.574061 2.965781 3.315608 3.634073 4.198917 4.853475 5.607216
chlor-olig 11.91188 12.46488 14.2884 15.59047 17.79212 19.70154 21.38842 24.4777 28.02429 32.0684
s. hydra car 0.73262 0.767153 0.879981 0.960825 1.097257 1.215839 1.32084 1.512647 1.732994 1.984428
polylethe 8.832841 9.252463 10.617 11.59649 13.24781 14.68471 15.95854 18.28244 20.95303 24.00152
PBT FILM 11.63032 12.17999 13.973 15.25852 17.42723 19.31292 20.98331 24.03329 27.53749 31.53657
PBO FILM 1.12102 1.196359 1.398612 1.556371 1.811432 2.045666 2.264925 2.643541 3.086671 3.602246
CUSS. FLU 4.662236 4.942625 5.739955 6.345114 7.336068 8.229836 9.051598 10.49476 12.17284 14.11205
W W W W W W ’------’-----------’-’----- ’------’----- ’------’------’------’-----
TOTALS 57.98404 61.31176 71.02954 77.54194 87.99212 97.77994 107.8618 123.832 142.7764 162.6944
14. THE TOTAL DOLLARS SAVED BY AUTOMATING REPRESENT THE TOTAL DOLLARS SPENT ON MATERIAL
(WITHOUT AUTOMATION) LESS THE TOTAL DOLURS SPENT ON MATERIAL (WITH AUTOMATION). THAT IS,
THE TOTALS FROM ITEM 8. MINUS THE TOTALS FROM ITEM 13. (IN MILLIONS)
TYPE MATERIAL 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
SAVINGS 0.718794 1.557268 1.802703 1.966393 2.229594 2.475596 2.72853 3.129857 3.605608 4.104951
1. Supply dollars spent in PKR fro* 1986-1990.
CATEGORY 1986 1987 1988 1989 1990
PENS/PENCILS 8700 8850 8950 8880 9131
WRITING PAPER 10200 10897 11200 11321 11486
COPY PAPER 25400 27800 28253 28765 28720
COMPUTER PAPER 2100 2300 2437 3597 3827
INKPADS/W-OUT 1750 1690 1724 1200 1221
TYPE WRIT PAPER 12345 13200 14590 14221 14356
2. SUPPLY DOLLARS (FROM * 1 ABOVE) DIVIDED BY TOTAL ACTIONS (FROM API
CATEGORY 1986 1987 1988 1989 1990 AVG
PENS/PENCILS 0.277 0.279 0.271 0.292 0.303 0.284
WRITING PAPER 0.325 0.344 0.339 0.372 0.381 0.352
COPY PAPER 0.809 0.878 0.855 0.945 0.952 0.887
COMPUTER PAPER 0.067 0.073 0.074 0.118 0.127 0.092
INKPADS/W-OUT 0.056 0.053 0.052 0.039 0.040 0.048
TYPE WRIT PAPER 0.393 0.417 0.441 0.467 0.476 0.439
3. PROJECTED « OF ACTIONS MULTIPLIED BY ABOVE IS (FROM ITEM 2) (ESCALATION AT 1.5X)
CATEGORY 1991 92 93 94 95 96 97 98 99 2000
PENS/PENCILS 7436 6736 6399 6079 5775 5486 5212 4951 4704 4469
WRITING PAPER 9207 8340 7923 7527 7151 6793 6454 6131 5824 5533
COPY PAPER 23214 21028 19977 18978 18030 17128 16271 15458 14685 13951
COMPUTER PAPER 2397 2171 2063 1959 1861 1768 1680 1596 1516 1440
INKPADS/W-OUT 1261 1143 1085 1031 980 931 884 840 798 758
TYPE WRIT PAPER 11477 10397 9877 9383 8914 8468 8045 7642 7260 6897
CATEGORY 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
PEHS/PENCILS 0.15 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
WRITING PAPER 0.15 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
COPY PAPER 1 1 0.1 0.1 0.1 0.25 0.25 0.25 0.25 0.25
COMP PAPER * 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
INKPADS/W-OUT 0.15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
TYPE WRIT PAPER 0.35 0.75 0.75 1 1 1 1 1 1 1
* ACTUALLY A PERCENTAGE INCREASE HERE AND BELOW IN TABLE 5-7.
5. MULTIPLY PROJECTED X CUTS BY PROJECTED DOLLARS (TO DERIVE SUPPLY DOLLARS CUT)
CATEGORY 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
PENS/PENCILS 1115 2021 3199 3039 2888 2743 2606 2476 2352 2234
WRITING PAPER 1381 2502 3962 3764 3575 3397 3227 3065 2912 2767
COPY PAPER 0 0 1998 1898 1803 4282 4068 3864 3671 3488
COMP PAPER * 1917 1737 1650 1568 1489 1415 1344 1277 1213 1152
INKPADS/W-OUT 189 286 271 258 245 233 221 210 199 189
TYPE WRIT PAPER 4017 7797 7408 9383 8914 8468 8045 7642 7260 6897
6. SUBTRACT CUTS FROM PROJECTED ACTUALS TO GET SUPPLY COST 
IF AUTOMATION INSTITUTED
CATEGORY 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
PENS/PENCILS 6320 4715 3199 3039 2888 2743 2606 2476 2352 2234
WRITING PAPER 7826 5838 3962 3764 3575 3397 3227 3065 2912 2767
COPY PAPER 23214 21028 17979 17080 16227 12846 12203 11593 11014 10463
COMP PAPER * 4314 3908 3713 3527 3351 3183 3024 2873 2729 2593
INKPADS/W-OUT 1072 857 814 773 735 698 663 630 598 568
TYPE WRIT PAPER 7460 2599 2469 0 0 0 0 0 0 0
7. THE AUTOMATION SUPPLY COSTS WERE SUBTRACTED FROM PROJECTED SUPPLY
COSTS IF NO AUTOMATION. (- ACTUAL COST SAVINGS)
CATEGORY 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 TOTALS
PENS/PENCILS 1115 2021 3199 3039 2888 2743 2606 2476 2352 2234 24673
WRITING PAPER 1381 2502 3962 3764 3575 3397 3227 3065 2912 2767 30552
COPY PAPER 0 0 1998 1898 1803 4282 4068 3864 3671 3488 25072
COMP PAPER * -1917 -1737 -1650 -1568 -1489 -1415 -1344 -1277 -1213 -1152 -14762
INKPADS/W-OUT 189 286 271 258 245 233 221 210 199 189 2301
TYPE WRIT PAPER 4017 7797 7408 9383 8914 8468 8045 7642 7260 6897 75831
TOTALS 4785 10869 15188 16774 15936 17708 16822 15981 15182 14423 143668
COMPUTER EQUIPMENT COSTS
1. REQUIREMENTS
TYPE OF EQUIPMENT COST NEG/CO BRAN/DIV CLERKS DEP/DIR SM.BUS PRICING PKRO TOT UNITS TOT.PRICE
1. ZENITH 248’S $1960 \ 107 22 21 2 1 5 6 164 321440
* PER PERSON 1 PER 1 PER 2 PER 1 PER 1 PER 1 PER 2 PER \\\\ \\\\\\\\\
\
2. ALPS P2000 PRIN. $528 X 54 22 11 2 1 3 3 96 50688
I PER MACHINE \ 2 PER 1 PER 2 PER 1 PER 1 PER 2 PER 2 PER \\\\ X W W W W
\
3. PROG. H. GRAPHICS $260 \ 107 22 21 2 1 5 6 164 42640
" " ENABLE $121 \ 107 22 21 2 1 5 6 164 19844
ONE COPY FOR EACH \
MACHINE. \
4. FLOPPY DISKS $ .2 \ 535 220 105 20 10 25 30 945 1134
AT « PER YR
\
5. PRINTER RIBBONS $12.27 X 108 44 22 4 2 6 6 192 2355.84
(NEED 2 PER YR) \
2. SUNK COST OF EQUIPMENT AND REQUIRED EQUIPMENT UNITS
SUNK COSTS OF EQUIP. UNITS U PRICE TOTAL EQUIP TO BE BOUGHT UNITS
COMPUTERS 10 1935 19350 aWUTERS 154
PRINTERS 5 514 2570 PRINTERS 91
H. GRAPHICS 10 260 2600 H. GRAPHICS 154
ENABLE 10 121 1210 ENABLE 154
TOTAL 25730
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
COMPUTERS 301840 0 0 0 0 0 0 0 0 0
PRINTERS 48048 0 0 0 0 0 0 0 0 0
H. GRAPHICS 40040 0 0 0 0 0 0 0 0 0
ENABLE 18834 0 0 0 0 0 0 0 0 0
FLOPPY DISKS 1134 1168 1203 1239 1276 1315 1354 1395 1437 1480
RIBBONS 1178 2427 2499 2574 2652 2731 2813 2898 2985 3074
TOTAL 410874 3595 3703 3814 3928 4046 4167 4292 4421 4554
MAINTENANCE COSTS FOR COHFUTERS AND PRINTERS 
1. MAINTENANCE COST PER MONTH PER MACHINE FROM TSS PROJECTIONS
CATEGORY 91 92 93 94 95 96 97 98 99 2000
COMPUTERS 16.95 17.25 17.75 18.75 19.25 20.95 21.75 22.5 23.75 24.95
PRINTERS 2.45 2.95 3.25 3.75 4.25 4.5 4.75 5.35 5.95 6.35
NUMBER OF COWUTERS AND PRINTERS IN PKR
CATEGORY 91 92 93 94 95 96 97 98 99 2000
COMPUTERS 164 164 164 164 164 164 164 164 164 164
PRINTERS 96 96 96 96 96 96 96 96 96 96
3. TOTAL « OF MONTHS COMPUTERS AND PRINTERS MILL BE UNDER MAINTENANCE CONTRACTS. 
CATEGORY
COMPUTERS
PRINTERS
91 92 93 94 95 96 97 98 99 2000
6 12 12 12 12 12 12 12 12 12
6 12 12 12 12 12 12 12 12 12
4. TOTAL COST OF MAINTENANCE CONTRACTS
CATEGORY 91 92 93 94 95 96 97 98 99 2000
COMPUTERS 16679 33948 34932 36900 37884 41230 42804 44280 46740 49102
PRINTERS 1411 3398 3744 4320 4896 5184 5472 6163 6854 7315
Totals 18090 37346 38676 41220 42780 46414 48276 50443 53594 56417
ESTIMATED TRAINING COSTS
1. EXPERIENCE DATA AS DERIVED BY THE CAT TEAM SURVEY 
COMP EXPERIENCE PERCENT
none to little 0.12
less then 6 eo 0.09
6mo. to 1 year 0.115
1 to 2 yrs 0.157
> than 2 yrs 0.518
2. MATRIX DEVELOPED TO DETERMINE COURSE REQUIREMENTS FOR 1991.
(A) IH IH (B) (C) ITEM
COMP EXPERIENCE PERCENT BA DOS EN HP EN SS IH HG ENNP ENSS « PEOPLE (k*\
1 none to little 0.12 1 1 1 1 1 1 200 24
2 less than 6 mo 0.09 1 1 1 1 1 1 200 18
3 6mo. to 1 year 0.115 0 1 1 1 1 1 200 23
4 1 to 2 yrs 0.157 0 0.5 0.5 0.75 0.75 0.75 200 31
5 > than 2 yrs 0.518 0 0 0 0.5 0.5 0.5 200 104
TOTAL PEOPLE XX 42 81 81 140 140 140 **** 200
The Total People who will take each course was derived by Multiplying column (A) x column (B) 
and then Multiplying this nunber by the experience level column. The totals for each experience 
level, for each course, were then totalled to derive the total number of people. For example, the 
total number of people mho mill take Basic DOS (BA DOS) is derived by multiplying colunn (A) (.12) 
x colunn (C) (24) x 1. And then repeating this procedure for colunn (A.2) x (B.2.).
A. Actual cost of the course.
COURSE COST « PEOPLE TOT COST
BA DOS 16 42 672
EN HP 180 81 14580
EH SS 180 81 14580
TOTAL COST W W W W W W W W W  29832
B. Opportunity Cost of the course 
(i) The avg. salary per employee in PKR 1991 was derived as follows.
TYPE LABOR « EVP HAGE « * HAGE
NEGOTIATOR 107 16.23 1736.61
CHIEFS 22 19.45 427.9
CLERICAL 52 8.33 433.16
OTHER ANALYSTS 12 15.75 189
CCHHTTEE 5 19.45 97.25
TOTALS 198 2883.92 AVG HAGE- $ 14.57
(ii) The opportunity costs were then derived as follows:
COURSE HRS PEOPLE TOT HRS
BA DOS 6 42 252
EN HP 30 81 2430
EN SS 30 81 2430
TOTAL 5112
5112 hours Multiplied by the avg. wage in (i) above of $14.57- $ 74458 - TOT OPP COST
C. ACTUAL COURSE COST + OPPORTUNITY COST - $ 104290 (THE TOT COST OF THE AFIT COURSES)
4. TOTAL COST OF IN-HOUSE COURSES FOR FY-91
A. Instructor tiie
Instructors will be GS-12’s who have an avg salary of $18.31. Courses will have 
a aaxiauM of 12 individuals per session, thus, 140 individuals will take each 
course. (140/12- 12) Each course will be taught 12 tines.
COURSE X TAUGHT CRS HRS INST SAL TOT COST
IN HG 12 2 18.31 439
IN ENNP 12 2 18.31 439
IN ENSS 12 2 18.31 439
TOTAL $ 1317 - TOT INSTRUCTOR COST (FY91)
B. OPPORTUNITY COST OF STUDENTS
COURSE TOT STUD CRS HRS AVG NAGE OPP COST
IN HG 140 2 14.57 4080
IN ENNP 140 2 14.57 4080
IN ENSS 140 2 14.57 4080
TOTAL 420 2 14.57 12240
C. TOTAL IN-HOUSE TRAINING COURSES FOR FY-91- $ 13557
5. ESTIMATES OF THE AVG NEN EMPLOYEES PER YR IN PKR BASED ON TRENDS AND 
ESTIMATES FROM PKXX (PERSONNEL).
(Past data)
NEN EMPLOYEES 89 90 91 92 93 94 95 96 97 98 99 2000
I OF STUDENTS 49 32 ** 12 10 10 10 10 12 15 20 20
** A TRANSFER AND HIRING FREEZE IN 91 PRECLUDES ANY NEN EMPLOYEES FROM JOINING PKR.
6. PROJECTIONS OF THE NUMBER OF COURSES (IN-HOUSE) REQUIRED BASED ON 2 COURSES PER 
YEAR. DUE TO THE LON NUMBER OF NEN EWLOYEES, EACH NEN EMPLOYEE NILL BE REQUIRED 
TO TAKE THE 3 IN-HOUSE COURSES, HONEYER, THE AFIT COURSES NILL NOT BE REQUIRED.
COURSES 92 93 94 95 96 97 98 99 2000
» OF COURSES 6 6 6 6 6 6 6 6 6
1 OF COURSE HRS; 12 12 12 12 12 12 12 12 12
7. PROJECTIONS OF THE AVG INSTRUCTOR AND1 STUDENT SALARIES FOR 92-2000
YEAR 91 92 93 94 95 96 97 98 99 2000
INSTRUCTOR 18.31 19.08 20.03 21.03 22.09 23.08 24.12 25.20 26.34 27.52
STUDENT 14.57 15.18 15.94 16.74 17.57 18.37 19.19 20.06 20.96 21.90
ESCAL RATE BASE YR .042 .05 .05 .05 .045 .045 .045 .045 .045
YEAR 91 92 93 94 95 96 97 98 99 2000
INSTRUCTOR XX 229 240 252 265 277 289 302 316 330
STUDENT** XX 1093 956 1004 1054 1102 1382 1805 2515 2628
TOTALS XX 1322 1197 1257 1320 1379 1671 2107 2831 2958
THERE ARE 2 HOURS OF OPPORTUNITY COSTS FOR EACH STUDENT & INST.
** EQUALS TOT STUDENTS X 6 HRS (2 FOR 3 COURSES) MULTIPLIED BY THE NAGE RATE
9. ESTIMATES FOR THE ON THE JOB TRAINING COSTS FOR PKR. (AN OPPORTUNITY COST) 
OUT YEARS REPRESENT NEW EMPLOYEE TIME ONLY
YEAR 91** 92 93 94 95 96 97 98 99 2000
# OF EMPLOYEES 140 12 10 10 10 10 12 15 20 20
HOURS SPENT 20 20 20 20 14 14 14 14 14 14
AVG PAY 14.57 15.18 15.94 16.74 17.57 18.37 19.19 20.06 20.96 21.90
TOTALS 40796 3643 3188 3348 2460 2572 3224 4213 5869 6132
** IN 91, 140 OF THE EMPLOYEES WILL UNDERGO THE OJT, WHILE 60 WILL BE 
QUALIFIED AS TRAINERS
A. TRAINING TIME SPENT BY ASSIGNED TRAINERS
EACH TRAINER WILL SPEND APPROXIMATELY 7 HOURS WITH THE EW»LOYEE TO 1994 
AND THEN 4 HRS EACH YR THEREAFTER.
YEAR 91** 92 93 94 95 96 97 98 99 2000
1 OF EMPLOYEES 140 12 10 10 10 10 12 15 20 20
1 TRAIN HRS 7 7 7 7 4 4 4 4 4 4
AVG TRAIN PAY 18.31 19.08 20.03 21.03 22.09 23.08 24.12 25.2 26.34 27.52
TOTALS 17944 1603 1402 1472 884 923 1158 1512 2107 2202
** ALL TRAINERS ARE GS-12’S, SO THE SALARIES ABOVE ARE GS-12 SALARIES ESCALATED ACCORDINGLY.
10. TOTALS OF EACH TRAINING CATEGORY
YEAR 91 92 93 94 95 96 97 98 99 2000
AFIT COURSES 104290 0 0 0 0 0 0 0 0  0
INHSE COURSES 13557 1322 1197 1257 1320 1379 1671 2107 2831 2958
OJT 58740 5246 4590 4820 3344 3495 4382 5725 7976 8334
TOTALS 176587 6568 5787 6077 4664 4874 6053 7832 10807 11292
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